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REMARKS 

The Office Action mailed on 30 January 2003 has been received and reviewed. Claims 1 
through 29 are currently pending in the application. Claims 1-29 stand rejected. Applicants 
have amended claims 1, 4, 5, 7, 12-15, 18-23, 25, 26, 27 and 29 and have introduced new 
claims 30-40. Applicants respectfully request reconsideration of the above-referenced 
application. 

After the foregoing amendment, claims 1-7, 10-15, and 18-40 are active in the present 
application. 

REJECTION UNDER 35 USC 112; 

Claims 1-29 stand rejected under 35 USC 1 12, second paragraph as being indefinite. 
Applicant has amended the aforesaid claims by substituting the term "metal" for the former term 
"element." In view of this substitution, the claims should now be definite in identifying that the 
metallic element, as opposed to some form of combination is intended. 

Referring the Examiner's inquiry relative to claims 7, 23, and 27, the aforesaid claims 
make provision for both the listed elements in their elemental metallic forms as well as their 
respective oxides. The identified claims have also been amended to more clearly define "ITO." 

With regard to the objection to Claims 5 and 14, the aforesaid claims have been amended 
to clearly identify "plastic" resin as being the subject matter of the claims. Concerning claims 
18-21, the language "building glass" is intended to indicate glass of the type which is utilized in 
the construction of buildings. 

In view of the amendments to the claims and further in consideration of the above 
remarks, applicant respectfully submits that the basis of the rejection of claims 1-29 have been 
obviated. Withdrawal of the rejection is therefore requested. 
\ 

REJECTIONS UNDER 35 USC 1020)): 

Claims 1-11 and 13-25 stand rejected under 35 USC 102(B) over Fukuyoshi et al. 
(hereinafter "Fukuyoshi."). Applicant respectfully traverses the rejection. 
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The Fukuyoshi reference (USP 5,667,853) discloses a multilayered conductive film 
having a silver-based layer formed of a silver-based material. Fukuyoshi teaches the need for the 
silver-based layer to contain an element other than silver for purposes of preventing the silver 
from migrating. Fukuyoshi identifies various elements which may function in this regard. These 
elements include the following: Al, Cu, Ni, Cd, Au, Zn, Mg, Sn, In, Ti, Zr, Ce, Si, Pb, and Pd. 
The silver based layer of Fukuyoshi contains Ag as a main component together with 0.1 to 3 
atomic percent of Cu and/or Au. The Fuluyoshi reference provides examples of AgCuo.i and 
AgCu 3 . 

However, the Fukuyoshi reference fails to disclose the combination of Ag, as a main 
component, together with a first metal and a second metal as set forth in each of the instant 
independent claims 1, 4, 7, 15, 23, 25, 26, 27, 29, 30 and 31. In other words, the Fukuyoshi 
reference neither discloses nor teaches a reflecting layer which contains silver together with two 
other and different element metals in amounts within the claimed quantity range. As indicated 
in applicant's specification the claimed reflecting layer shows improved material stability, 
including heat resistance and weather resistance, in comparison to prior reflecting layer 
constructions. Furthermore, the Fukuyoshi reference not teach or suggest the advantages which 
result from a reflecting layer having the claimed construction. 

Claims 26-29 stand rejected under 35 USC 102(a) over Fukuyoshi. As noted above, the 
Fukuyoshi reference neither teaches nor suggests a reflecting layer having silver as its main 
component and further including two other different metals, each of the two other different 
metals being present in an amount within a respective claimed quantity range. In the absence of 
such a teaching, applicant respectfully submits that the instant claims 26-29 distinguish over the 
Fukuyoshi reference. Withdrawal of the rejection of claims 26-29 is therefore respectfully 
requested. 

REJECTION UNDER 35 USC 103(a): 

Claim 12 is rejected under 35 USC 103(a) over Fukuyoshi in view of Gibbons et al. 
(hereinafter "Gibbons"). Applicant respectfully traverses the rejection. 
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Claim 12 depends from Claim 7. Claim 7 in turn requires a reflecting layer having silver 
as its main component and two other, different metal elements. The two metal elements are 
different from one another and further are present in prescribed amounts or quantities. As noted 
above, the Fukuyoshi reference neither teaches nor suggests a reflecting layer having the claimed 
construction. 

The Gibbons reference (USP 5,589,280) discloses a metal layer 1 16 on a plastic film 1 12 
with an adhesion-promoting layer 114. The metal layer is made of hafnium, zirconium, 
tantalum, titanium, niobium, silicon, tungsten, aluminum, vanadium, molybdenum, chromium, 
antimony, bismuth, cadmium, nickel or the like. The Gibbons reference fails to disclose or teach 
a reflecting metal layer containing two different element metals in quantities within the claimed 
range of amount according to the instant claim 7, and by inference claim 12. 

It follows that any combination of Fukuyoshi with Gibbons would likewise neither teach 
or suggest the claimed reflecting layer. Applicant therefore respectfully submits that Claim 12 is 
allowable over Fukuyoshi and Gibbons in that neither reference, either individually or in 
combination with the other, would suggest a construction which corresponds to the structure 
made subject to Claim 12. Withdrawal of the rejection of Claim 12 is therefore respectfully 
requested. 



14 



Serial No. 09/828,572 

Attorney Docket: 4786US 



CONCLUSION 

Claims 1-29 are believed to be in condition for allowance, thus reconsideration thereof is 
respectfully requested. Examination of new claims 30-40 is hereby requested. If any issues 
preventing the allowance of the above-referenced application remain that might be resolved by 
way of a telephone conference, the Office is kindly invited to contact the undersigned attorney. 



Respectfully submitted, ^ 




^aurerice B. Bond 
Regis/ration/No. 30,549 
Attorney for/Applicant 
TfsAskBritt.PC 
P. O. Box 2550 

Salt Lake City, Utah 841 10-2550 
Telephone: (801)532-1922 



July 30 ,2003 
LBB/df/dh 

N:\2397U786\Amendmen t.doc 
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TITLE OF THE INVENTION 



HEAT-RESISTANT REFLECTING LAYER, LAMINATE FORMED OF THE REFLECTING 
LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING THE REFLECTING LAYER 

OR THE LAMINATE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a highly heat-resistant reflecting layer, which 
is used for producing a reflector or a reflective wiring electrode of a liquid crystal display device, 
a reflecting layer for building glass, a laminate, or a liquid crystal display device. More 
particularly, the present invention relates to an Ag-alloy reflecting layer that has a high reflection 
index, a laminate formed by the reflecting layer, and a liquid crystal display device having the 
reflecting layer or the laminate. 

[0002] Various materials are used for reflecting layers including a reflecting layer for 
producing a reflector or a reflecting wiring electrode of a liquid crystal display device and a 
reflecting layer for building glass that reflects infrared rays and heat rays. In addition, laminates 
of the reflecting layers are developed to increase the reflection index and to improve the 
functionality of the products. The products of the reflecting layers, which have improved 
characteristics, have been used in various fields and for various applications. 

[0003] Typical materials for the reflecting layers are Al, an Al alloy that includes Al as 
its main component, Ag, an Ag alloy that includes Ag as its main component (such as Ag-Pd), 
and an Au alloy. The reflecting layers formed of such materials have ajiigh reflection index in 
the optical wavelength regions from 400 to 4000 nm, which include both visible and infrared 
regions. 

[0004] Al has ajiigh reflection index and is very inexpensive and useful. Al and an 
Al alloy are usually used for the reflector and the reflective wiring electrode of reflection-type 
liquid crystal display devices. Such liquid crystal display devices are used for portable terminal 
devices such as cellular phones. When an Al alloy is used, problems associated with pure Al 
such as irregularities in the layer, which are called hillocks, and deterioration of the face of the 
reflector and the reflective wiring electrode can be overcome. When the reflection index of the 



reflector and the reflective wiring electrode is high, the electric power sent to the light source is 
reduced and the illuminance of the liquid crystal display device increases by about 20%. 

[0005] Ag has the highest reflection index among many metal elements in the optical 
wavelength regions from 400 to 4000 nm. Therefore, Ag has good characteristics for a reflecting 
layer. 

[0006] Among visible rays, infrared rays, and ultraviolet rays that are emitted from 
the sun, Al, Al alloy, Ag, and Ag alloy transmit the visible rays and reflect the infrared rays and 
heat rays. The visible rays have direct relation with lighting. The reflection of the infrared rays 
and the heat rays is effective to prevent the outside rays from coming into a room. Therefore, the 
above materials are used for building glass such as windowpanes. 

[0007] However, conventional reflecting layers formed of Al, Al alloy, Ag, Ag alloy 
including Ag-Pd, Au, Au alloy, and reflectors, reflective wiring electrodes, and building glass that 
are formed of the reflecting layers have the following problems. 

[0008] Al and an Al alloy are chemically unstable. A liquid resist, which is made of 
organic material, is applied to the Al layer or the Al alloy layer, and a pattern is formed on the 
layer. When the patterned layer is washed with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the reflection index or scattering of the light on 
the surface may occur. In addition, Al may react with gas generated from a resin substrate when 
used with a resin substrate such as PMMA (polymethyl methacrylate) and silicone. Al can be 
used only with substrates that generate little gas and thus limits materials available for the 
substrates. There is a problem of chemical stability in Al-containing reflecting layers and resin 
substrates when they contact each other in use. 

[0009] Al and Al alloy have greater optical absorptivity than Ag and Ag alloy. 
Therefore, s e mi transmissiv e a semitransmissive reflecting layer formed of Al and Al alloy 
suffers optical loss. 

[0010] Al, an Al alloy, Ag, and an Ag alloy have poor heat resistance. Diffusion of 
atoms is likely to occur on the surface of a reflecting layer formed of such materials in given 
temperatures. Particularly, Ag has high self-diffusion energy for heat and it changes over time 
when heat is applied. When heat causes the temperature of the reflecting layer to rise to about 
100° C, even if temporarily, diffusion of atoms will occur on the surface of the layer and the layer 



will lose luster and become dull. In other words, Ag's characteristic feature of high reflection 
index is impaired. Therefore, it is necessary to limit the temperature during the manufacturing 
process of a reflector for a liquid crystal display device when it is formed of Al or Ag. Further, 
an Al or Ag reflecting layer for building glass is thermally instable and chemically varies (e.g.^ 
changes in color) when exposed to the warm air in summer. 

[001 1] Al, Al alloy, Ag, and Ag alloy vary greatly over time with heat so that such 
materials cannot be exposed directly to air. Therefore, to ensure material stability of the 
reflecting layer, a heat-resistant protective layer such as ZnO^ ZnO or a ZftQa ZnO -AbO^ 
composite oxide is generally needed. 

[0012] The reflecting layers formed of Al, Al alloy, Ag, and an alloy have very poor 
adhesion toward some substrates. In such combinations, the reflecting layer separates from the 
substrate immediately after it is deposited or after it is left on the substrate for a long time. To 
improve adhesion between the reflecting layer and the substrate, various base films must be 
positioned between them. 

[0013] The reflection index of Ag or Ag alloy is the highest in visible regions, i.e., the 
optical wavelength regions from 400 to 800 nm. However, in the wavelength regions below 
450 nm, the absorptivity and absorption coefficient of Ag increase and the intensity of yellow 
reflected light is increased. Accordingly, a liquid crystal display device formed by a-an Ag- 
containing reflecting layer and a portable terminal device including the liquid crystal display 
device have a poor appearance and become yellow over time. 

[0014] Further, Ag is not superior in weather resistance. When left in the air, Ag 
absorbs moisture (especially water) in the air and turns yellow. Long after an Ag-containing 
reflecting layer is formed on the glass substrate or the resin substrate, Ag's characteristic feature 
of high reflection index is impar e d impaired . 

[0015] An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au alloy including Ag 
and 1-10 wt% Au, and an Ag-Ru alloy including Ag and 1-10 wt% Ru are well known as binary 
Ag alloys that have high corrosion resistance and high heat resistance. However, black stains are 
observed even in the alloy layers formed of these Ag alloys when a weatherproof test is 
conducted under high temperature and high humidity conditions. It is comfirme d- confirmed 
under an optical microscope that the black stains are portions that turned black and were caused 



to protrude after Pd reached a limitation of solid solution with respect to H2 dissolution. When 
used as building glass, the above binary alloy lacks long-term stability in humid regions or when 
exposed to condensation droplets. 

[0016] Ag-Au alloy is well known as a stable alloy in which Ag and Au are perfectly 
mixed in solid states. The resistance of the Ag-Au alloy to halogen elements such as chlorine is 
not excellent. The Ag-Au alloy binds to chlorine or iodine in the air, which is introduced during 
the test, at atomic level, and produces the black stains. 

[0017] Aside from Al and Ag, Au is also known for its high reflection index. 
However, Au is very expensive and impractical to use for the reflector of a liquid crystal display 
device or the reflecting layer for building glass. 

BRIEF SUMMARY OF THE INVENTION 

[0018] It is an object of the present invention to provide a reflecting layer that 
maintains a high optical reflection index, which is characteristic of Ag, and has improved 
material stability including heat resistance and weather resistance. 

[0019] It is another object of the present invention to provide a laminate including a 
coating layer that allows the laminate to maintain the high optical reflection index of an Ag- 
containing reflecting layer and to have lower absorptivity at short wavelengths. 

[0020] It is yet another object of the present invention to provide a laminate including 
a base film that enhances adhesion between an Ag-containing reflecting layer and a substrate. 

[0021] It is a further object of the present invention to provide a liquid crystal display 
device having the reflective layer or the laminate described above. 

[0022] A reflecting layer of the present invention comprises Ag as a main component, 
a 0.1-3.0 wt% first e l e m e nt first metal selected from the group consisting of Au, Pd, and Ru, and a 
0.1-3.0 wt% s e cond e l e m e nt second metal selected from the group consisting of Cu, Ti, Cr, Ta, 
Mo, Ni, Al, Nb, Au, Pd, and Ru. The s e cond elemont second metal is different from the first 
e l e m e nt first metal . 

[0023] One laminate comprises a substrate and a reflecting layer deposited on the 
substrate. The reflecting layer includes Ag as a main component, a 0.1-3.0 wt% first e l e m e nt first 
metal selected from the group consisting of Au, Pd, and Ru, and a 0.1-3.0 wt% s e cond 




e l e m e nt second metal selected from the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, 
Pd, and Ru. The s e cond e l e m e nt second metal is different from the first e l e m e nt first metal . 

[0024] Another laminate comprises a substrate, a base film deposited on the substrate, 
and an Ag-containing reflecting layer deposited on the base film. The base film is made of at 
least one of Si, Ta, Ti, Mo, Cr, Al, ITO, ZftO^ZnO, Si0 2 , Ti0 2 ,Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5) 
and MgO. 

[0025] Yet another laminate comprises an Ag-containing reflecting layer and a 
coating layer deposited on the reflecting layer. The coating layer includes In 2 C>3 as a main 
component and at least one of Sn0 2 , Nb 2 0 5 , Si0 2) MgO, and Ta 2 Os. 

[0026] A liquid crystal display device including the reflective layer or the laminate 
described above and a portable terminal device having the liquid crystal display device are also 
provided. 

[0027] Other aspects and advantages of the invention will become apparent from the 
following description, taken in conjunction with the accompanying drawings drawing , illustrating 
by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGSDRAWING 
[0028] The invention, together with objects and advantages thereof, may best be 

understood by reference to the following description of the presently preferred embodiments 

together with the accompanying drawings drawing in which: 

[0029] Fig. 1 is a perspective view of a portable terminal device including a liquid 

crystal display device. 

DETAILED DESCRIPTION OF THE INVENTION 
[0030] An Ag-alloy reflecting layer of the present invention comprises: 

i) Ag as a main component; 

ii) a 0.1-3.0 wt% first el e m e nt first metal selected from the group consisting of Au, Pd, 
and Ru; and 
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iii) a 0.1-3.0 wt% second e l e m e nt second metal selected from the group consisting of Cu, 
Ti, Cr, Ta, Mo, Ni, Al 5 Nb, Au, Pd, and Ru, wherein the s e cond e l e m e nt second metal is different 
from the first e l e m e nt first metal . 

[0031] The addition of Au, Pd, or Ru to Ag improves the weather resistance of Ag 
under high temp e ratur e high-temperature and high humidity high-humidity conditions. Ag, 
which is the main component, has avery high thermal conductivity^ aid-tends to absorb heat and 
is quickly saturated with heat at the atomic level. Au, Pd, and Ru decrease the thermal 
conductivity of Ag and inhibit movement among atoms. Au, Pd, and Ru form whole solid 
solution. The content of Au, Pd, and Ru is preferably from 0.7 to 2.3 wt%, most preferably 0.9 
wt%. 

[0032] Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb, in combination with Au, Pd, and Ru, 
improve the heat resistance and weather resistance of the Ag-alloy reflecting layer. The content 
of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is preferably from 0.5 to 2.5 wt%, most preferably 1 .0 
wt%. 

[0033] Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or more of Au, Pd, and Ru may 
be contained in the reflecting layer to improve the heat resistance and weather resistance of the 
reflecting layer. 

[0034] In the reflecting layer of the present invention, compared with reflecting layers 
of pure Al and pure Ag, movement of surface particles is poor. In other words, the self-diffusion 
energy of Ag upon heating is reduced in the reflecting layer of the present invention. 
Accordingly, the reflecting layer of the present invention resists self-diffusion, which improves 
heat resistance of the reflecting layer. The reflecting layer is heated during the manufacturing 
process or under a certain weather condition. In the reflecting layer of the present invention, a 
decrease in the reflection index is prevented. Specifically, when the reflecting layer is heated 
over 100° C, a visual change in the reflecting layer (to a dull white color) due to self-diffusion 
and an increase in light absorption due to deformation of the surface are prevented. 

[0035] The reflecting layer of the present invention has high heat resistance, has a 
high reflection index, and is stable when exposed to alkaline organic materials. Further, the 
reflecting layer is chemically stable to gas emitted from a resin substrate. High -A high heat 
resistance and reflection index are required for a reflector or a reflective wiring electrode of the 



reflection-type liquid crystal display device and a heat-ray or infrared-ray reflecting layer for 
building glass. The reflecting layer of the present invention may be used for all of them. 

[0036] The reflecting layer of the present invention may be produced either by 
sputtering or by deposition. The reflecting layers of the present invention are stable regardless of 
its manufacturing process and have stable characteristics for various purposes and for many kinds 
of substrates. 

[0037] A coating layer, which is highly heat-resistant, may be laid on the Ag- 
containing reflecting layer. The coating layer includes In 2 03 as a main component and at least 
one of Sn02, Nb 2 Os, Si0 2 , MgO and Ta 2 Os. The reflecting layer may be of pure Ag or an Ag 
alloy. In either case, ajiigh reflection index of the reflecting layer is maintained and absorptivity 
at short wavelengths is reduced compared with a reflecting layer without a coating layer. 

[0038] The reflecting layer of the present invention, together with a resin substrate or 
a glass substrate, may form a laminate. When a resin substrate of specific purity or composition 
is used, a large amount of gas occurs. It is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the interface between the reflecting layer and 
the resin substrate. In this case, metal oxide is better than a metal element for preventing 
reductive reaction. To eliminate the above disadvantage, a base film for promoting adhesion may 
be placed between the reflecting layer and the resin substrate or the glass substrate, 

[0039] The base film for a glass substrate may include Si, Ta, Ti, Mo, Cr, Al, ITO (the 
composite oxide of In oxide and Sn oxide), ZftQ ^ZnO , Si0 2 , Ti0 2j Ta 2 05, Zr0 2 , ln 2 0 3 , Sn0 2 , 
Nb 2 0 5 , or MgO. 

[0040] A base film that is made of elemental metals such as Si, Ta, Ti, Mo, Cr, and Al 
may be formed by deposition (or evaporation), sputtering, CVD, or ion plating. These processes 
can be used consecutively in producing the base film and the Ag alloy reflecting layer, which 
facilitates the manufacture of the layers. 

[0041] A base film that is made of metal oxides such as ITO, ZaQa ZnO . Si0 2 , Ti0 2) 
Ta 2 0 5 , Zr0 2 , In 2 03, Sn0 2 , Nb 2 0 5 , and MgO may also be formed easily by deposition, sputtering, 
or ion plating. For example, when an IR reflecting layer for a windowpane is formed, a layer of 
the uniform reflection characteristics may be formed by any of the above processes. 
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[0042] When the base film is placed under the reflecting layer, thermal stability of the 
laminate is ensured. The optical characteristics of the laminate are maintained regardless of the 
types of reflecting layers (whether pure Ag or an Ag alloy). Even when the coating layer is laid 
on the reflecting layer, the thermal stability of the laminate is still ensured and the optical 
characteristics of the laminate are maintained regardless of the types of reflecting layers. 

[0043] The glass substrates for liquid crystal display devices and the glass substrate 
for building glass are large in size. For such substrates, a fine structure and accurate surface 
profile across the thickness are very important for the formed layers. Therefore, sputtering is 
preferred. When the base film is formed by sputtering, the atmosphere in the sputtering device is 
evacuated to form a stable base film. When the resin substrate is used, gas occurs during the 
evacuation and the vacuum level is not raised. Therefore, for the resin substrate, the deposition 
process is preferred. 

[0044] The base film for the resin substrate especially requires chemical stability. 
Thus, the base film for the resin substrate is preferably a thin film of metal oxide. When used 
with the reflecting layer of the present invention, the base film for the resin substrate preferably 
includes ITO, ZnOaZnO, Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , or MgO, more preferably, 
ITO, ZftQiZnO, Si0 2 , Ti0 2 , Ta 2 0 5 , or Zr0 2 . 

[0045] To have the improved electrical characteristics of a reflective wiring electrode, 
a base film preferably includes a conductive metal oxide of ITO, Zr0 2 or a composite oxide about 
having a thickness of about 1-10 nm. This base film is highly insulative and volume resistivity of 
the laminate, which includes the Ag alloy reflecting layer and the base film, is substantially 
improved. Thus, the characteristics of the reflecting layer are maintained with the base film. 

[0046] To inhibit the deterioration of optical characteristics such as the reflection 
index and the refraction index, a base film preferably includes Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , 
Sn0 2 , Nb 2 0 5 , or MgO. Since Si0 2 absorbs less light at the optical wavelength regions from 400 
to 4000 nm, it can inhibit the deterioration of the reflection index due to the increase in 
absorptivity. Since Ti0 2j Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO have high refractive indices 
and low absorptivities, they are also preferred. 

[0047] When the base film is used, the degree of adhesion and the optical 
characteristics of the laminate are improved and the thermal stability of the laminate is 



maintained. The optical characteristics of the laminate are maintained regardless of the types of 
the reflecting layers (whether pure Ag or an Ag alloy). Thus, the reflecting layers of the present 
invention achieve the best performance. 

[0048] As shown in Fig.l, a portable terminal device 1 includes a liquid crystal 
display device 2. The liquid crystal display device 2 is formed by a reflector on a lower glass 
substrate, a color filter, a polarizing layer, a liquid crystal layer, a polarizing layer, a transparent 
conductive layer, and an upper glass substrate, which are laminated in order. The laminate of the 
present invention, which serves as the reflector, is protected from alkaline materials generated 
during the manufacturing process of the color filter. The laminate has a higher reflection index 
and a lower optical absorptivity than the reflector of pure Al or an Al alloy, and a liquid crystal 
display device 2 having the laminate suffers less optical loss. The brightness of a liquid crystal 
display device 2 having the laminate of the present invention is greater than that of a liquid 
crystal display device having the reflector of pure Al or Al alloy. A portable terminal device 1 
having such a liquid crystal display device 2 has an improved display. Therefore, the quality of 
the product is improved. 

Examples 

Comparison 

[0049] Ag-alloy reflecting layers were produced from the binary Ag alloys. Binary 
means two elements, i.e., Ag as a main component and Au, Pd or Ru. The content of Au, Pd or 
Ru was 0.1-4.0 wt%. 

[0050] Firstly, an Ag target and a Pd target are installed in a magnetron sputtering 
apparatus. Electrical discharges to the Ag and Pd targets were controlled at the specific RF 
power. Ar (Argon) gas was selectively set within the range from 0.1 to 3.0 Pa. The two metal 
elements were simultaneously sputtered to form binary Ag-alloy layers that contain Pd at several 
different levels. Ag-alloy layers that contain Au or Ru at several different levels were also 
produced. 

[0051] Quartz substrates, which are 100 mm X 100 mm X 1.1 t in size, were used as 
a substrate. The temperature of the substrates during the sputtering process was room 
temperature (about 25° C). Using Ar gas as an exclusive sputtering gas in an-ajiigh vacuum 
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atmosphere where the ultimate vacuum level was 3 X 10E-6 Pa, the Ag-alloy layer was deposited 
on the quartz substrate so that the thickness of the layer was 20 nm. 

[0052] The reason for depositing the Ag-alloy layer in the high vacuum atmosphere is 
to prevent impure gas from staying in the layer and to make the layer compact. Thus, the desired 
characteristics of the Ag-alloy material are ensured. 

[0053] The resultant Ag-alloy layers were kept on a hot plate for about 2 hours. Then 
the layers were observed. The presence or absence of visual change (to a dull white color) in the 
layer surface and the time when the visual change occurred were examined. The hot plate was 
heated to 250° C at a heating rate of 20° C/min. by resistance heating. The reflection index of the 
Ag-alloy layers before and after heating was also examined. The results are shown in Table 1. 



Tal 


3le 1 


Material 
composition 
( wt%) 


Surface state of the layer after 
heating at 250° C 


The time when 
the visual 
change 
occurred 


Differences of reflection index 
before and after heating 
(wavelength of 800 nm) 


Ag 


dull white color over the surface 


100° C 


-25 % 


Ag99.9Pd0.1 


dull white color over the surface 


100° C 


-22 % 


Ag99.5Pd0.5 


dull white color over the surface 


100° C 


-22 % 


Ag99.0Pdl.O 


dull white color over the surface 


120° C 


-21 % 


Ag98.5Pdl.5 


dull white color over the surface 


120° C 


-21 % 


Ag98,0Pd2.0 


dull white color over the surface 


130° C 


-20 % 


Ag97.5Pd2.5 


dull white color at the middle 
portion 


150° C 


-7.4 % (unchanged region was 
measured) 


Ag97.0Pd3.0 


weak white color around the 
middle portion 


150° C 


-6.5 % (unchanged region was 
measured) 


Ag96.5Pd3.5 


weak white color around the 
middle portion 


150 °C 


-6.1 % (unchanged region was 
measured) 


Ag96.0Pd4.0 


weak white color around the 
middle portion 


150 °C 


-6. 1 % (unchanged region was 
measured) 










Ag99.9Au0.1 


dull white color over the surface 


100 °C 


-22 % 


Ag99.5Au0.5 


dull white color over the surface 


100 °C 


-22 % 


Ag99.0Aul.O 


dull white color over the surface 


120 °C 


-21 % 


Ag98.5Aul.5 


dull white color over the surface 


120 °C 


-21 % 


Ag98.0Au2.0 


dull white color over the surface 


130 °C 


-21 % 


Ag97.5Au2.5 


dull white color at the middle 


150 °C 


-7.0 % (unchanged region was 
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portion 




measured) 


Ag97.0Au3.0 


weak white color around the 
middle portion 


150 °C 


-6.5 % (unchanged region was 
measured) 


Ag96.5Au3.5 


weak white color around the 
middle portion 


150 °C 


-6.0 % (unchanged region was 
measured) 


Ag96.0Au4.0 


weak white color around the 
middle portion 


150 °C 


-6.0 % (unchanged region was 
measured) 










Ag99.9Ru0.1 


dull white color over the surface 


100 °C 


-22 % 


Ag99.5Ru0.5 


dull white color over the surface 


100 °C 


-22 % 


Ag99.0Rul.O 


dull white color over the surface 


120 °C 


-21 % 


Ag98.5Rul.5 


dull white color over the surface 


120 °C 


-20 % 


Ag98.0Ru2.0 


dull white color over the surface 


130 °C 


-20 % 


Ag97.5Ru2.5 


dull white color at the middle 
portion 


150 °C 


-7.4 % (unchanged region was 
measured) 


Ag97.0Ru3.0 


weak white color around the 
middle portion 


150 °C 


-6.5 % (unchanged region was 
measured) 


Ag96.5Ru3.5 


weak white color around the 
middle portion 


150 °C 


-6. 1 % (unchanged region was 
measured) 


Ag96.0Ru4.0 


weak white color around the 
middle portion 


150 °C 


-6.1 % (unchanged region was 
measured) 



[0054] As shown in Table 1, the visual change in the layer surface was not inhibited 
in the binary Ag-alloy layers including Au, Pd, or Ru as in the pure Ag layer. It was supposed 
that these binary layers were not heat resistant and unstable when exposed to the outdoor 
temperatures and sun rays. The reflection index of the binary Ag-alloy layers after heating was 
improved by only 2 to 3% compared with that of the pure Ag layer after heating. Therefore, no 
anti-surface diffusion effects due to the addition of Au, Pd, and Ru were confirmed. 

Example 1 

[0055] Ag-alloy reflecting layers of the present invention were produced from the 
ternary Ag alloys. Ternary means three elements, i.e., Ag as a main component, a first 
eiefflen tfirst metal selected from the group consisting of Au, Pd, and Ru, and a s e cond 
etement second metal selected from the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, 
Pd, and Ru. The s e cond e l e ment second metal is different from the first elemont first metal . The 
contents of the first e l e m e nt first metal and the s e cond e l e ment second metal were 0.1-3.0 wt%. 
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[0056] Firstly, targets of the Ag target, the first el e m e nt first metal and the s e cond 
e l e m e nt second metal are installed in a magnetron sputtering apparatus. The three metal elements 
were simultaneously sputtered to form Ag-alloy layers. 

[0057] As in the Comparison, quartz substrates, which were 100 mm X 100 mm X 
1.1 t in size, were used as a substrate. The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25° C). Using Ar gas as an exclusive sputtering gas 
in an-ahigh vacuum atmosphere where the ultimate vacuum level was 3 X 10E-6 Pa, the Ag- 
alloy layer was deposited on the quartz substrate so that the thickness of the layer was 200 nm. 

[0058] The resultant Ag-alloy layers were kept on a hot plate for about 2 hours. Then 
the layers were observed. The presence or absence of visual change (to a dull white color) in the 
layer surface and the time when the visual change occurred were examined. The reflection index 
of the Ag-alloy layers before and after heating was also examined. The results are shown in 
Table 2. 
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Table 2 



Material composition 
(wt%) 


Surface state of the layer 
after heating at 250°C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength or oOO nmj 


AgVV.ordU.l Cull. 1 


no change observed 




110/ 

-1.1 % 


Agyo.4rdU. 1 Cu 1 .> 


no change observed 




1 A 0/ 

-1.0 % 


Ag9 o.y rdO. 1 Cu3 .0 


no change observed 




-1.0 % 


Ag9o.4Pdl.jCuO. 1 


no change observed 




-0.9 % 


AaOT AD/11 cp„i c 

Agy /.Urdl.DCul.D 


no change observed 




A H 0/ 

-0.7 % 


a ftflc r nj i cr^-ni a 
Agyj.jrdl.DCui.U 


no change observed 




A ^ 0/ 

-0.7 % 


Agyo.yrdj.OCUU. 1 


no change observed 




1 A 0/ 

-1.0 To 


AgyD.3rdJ.UCUl.!) 


no change observed 




A C 0/ 

-0.5 % 


AnOA c\i>ai nr^ni n 
Agy4.Urd j .UCU j .u 


no change observed 




f\ A 0/ 

-0.4 To 


AgW.ordU.l HU.l 


no change observed 




110/ 

-1.1 Yo 


A ftQO /1Di-in 1Ti'1 C 

Agyo.4rdU.l 111. j 


no change observed 




1 A 0/ 

-1.0 % 


A rrOA QD/1A 1 T"i 1 A 

Agyo.yrdu.i Hj.u 


no change observed 




1 A 0/ 

-1.0 To 


Agyo.4rdl.j llU. 1 


no change observed 




A A 0/ 

-0.9 % 


Agy /.Urdl.j 111. j 


no change observed 




a *7 n / 

-0.7 % 


Agyj.jrdl.j 1 1:>.U 


no change observed 




-0.7 % 


Agyo.yrdi.u 1 10. l 


no change observed 




-l.O % 


Agyj.jrdJ.U lil.D 


no change observed 




a c n/ 

-0.5 % 


Agy4.Urd j .0 1 1 J .0 


no change observed 




-0.4 % 


Agyy.oraU.lCrU.l 


no change observed 




1 1 o/ 

-l.l % 


A^OO /1TMA 1/~V1 £ 

Agy©.4rdU. ICrl.O 


no change observed 




1 A O/ 

-1.0 % 


Agyo.VrdU. lCri.O 


no change observed 




1 a n/ 

-1.0 % 


AoQR 4PH1 SPrO 1 


no cnange ODservea 




-u.y /o 


Ag97.0Pdl.5Crl. 5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Cr3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0CrO.l 


no change observed 




-1.0% 


Ag95.5Pd3.0Crl. 5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Cr3.0 


no change observed 




-0.4 % 


Ag99.8Pd0.1TaO.l 


no change observed 




-1.1 % 



14 




Table 2 Continued 



Material composition 


Surface state of the layer 


The time the 


Differences of reflection 


(wt%) 


after heating at 250°C 


visual change 
occurred 


index before and after 
heating 

/'u/qvpIati crtVi nf 800 nm^ 
^WavclvUgLil Ul OUU llillj 


AoQR APHO 1Tq1 ^ 


no cnange ooserveo 




1 (\ 0/ 

-l.U /o 


AnQf% QPHO 1Ta7 0 


no cnange ooserveu 




1 A 0/ 
-l.U /o 


A ft. ft ✓"T* 1 -* V\ 1 

Ag98.6Pdl.5Ta0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Tal.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Ta3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.OTa0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.OTal. 5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4 % 


AoQR 4PH0 INiO 1 


11U vlldiltiv UUoCI VCU 




1 1 % 

-1.1 /o 


Ap98 4PdO INil S 


ll\J VlldilgV VJUoCl VvU 






Ae96 9Pd0 lNi3 0 


nn fnfino'P nHcprvf*H 
ii\J viidiigv UUowl VvU 




-1 0 % 

- 1 . 17 /0 


AoOS 4Pdl SNiO 1 


nn rhnnop oHcprvpd 

11W VlldlltiC UUoCl vcu 




~\j.y /o 


A&Q7 0Pd1 SNi1 S 

/ .Ul U 1 , JIM 1 .J 


nn fnnnop nVvcprvpd 
nu viidiigc uuaci vcu 




-0 7 % 

-\J. I /o 


Ae95 SPdl SNil 0 


nn phnnop nnQprvpd 
iivj viiaugc uuovivvU 




-0 7 % 


Ae96 9Pd3 ONiO 1 


nn rhancrp nnQprvpd 
uvj viicuigc *j (J owl vcu 




-1 0 % 

-l.\7 /0 


Ae95 5Pd3 0Ni1 5 


nn f*Vi?inop nhcprvpH 

11U vllullgC UUotlVVU 




-W.J /o 


Ae94 0Pd3 0Ni3 0 


nn fhancrp nhQprvpd 

1 1V7 VllClllgC \Jl7oCl vtu 




-0 4 % 

-V/.t /o 


ApQQ SPdfl 1 AI0 1 


nn rhancrp nn^prvpd 




-1 1 % 

-1.1 /o 


Ae98 4PdO 1 All S 


nn phfinop nHcprvpd 
iivj viidiigc uuo&i vcu 




-1 0 % 
-l.U /o 


Ae96 9PdO 1A13 0 


nn rhano'p nnQprvpd 
iiw viidiigc uuaci vcu 




-l.U /o 


A&9R 4Pd1 ^A10 1 


nn phcmop oKcprvpH 

11V7 Vlldllgv UUoCl vcu 




-0 9 % 
-u . y /o 


Ap97 OPdl SA11 S 


nn pVianop n V\ c p t*vp d 

1117 vllullgC UlToCl vcu 




0 7% 
-u. / /o 


A&9S SPd1 5A13 0 


nn pnnncTP nncpfvpd 

1117 VlldlltiC UUdCl VvU 




0 7% 
-U. / /o 


Ap96 9Pd3 0A10 1 


nn pVisinop nHcprvpd 
1HJ vlldlltdC UUovl vcu 




1 0 % 
-l.U /o 


Ap9S 5Pd3 0A11 S 


nn phanop nhcprvpd 

1 1\J vllCUlfc^C UUoVl VvU 




0 S % 

-U.J /o 


Ae94 0Pd3 0A13 0 


nn fnanop nHcprvpd 

11V7 VlldllgC uUoVl vcu 




-0 4 % 


Aa99 RPriO lNhO 1 


nn pVinnop oVicprvpH 

1117 VlldllgC VJUoCl vcu 




1 1 % 

-1.1 /o 


Ag98.4Pd0.1Nbl.5 


no change observed 




-1.0 % 


Ag96.9Pd0.1Nb3.0 


no change observed 





-1.0% 


Ag98.4Pdl.5Nb0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Nbl.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Nb3.0 


no change observed 


— 


-0.7 % 


Ag9o.9Pd3 .ONbO. I 


no change observed 




-1.0 % 


Ag95.5Pd3.ONbl. 5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Nb3.0 


no change observed 




-0.4 % 


Ag99.8Pd0.1Mo0.1 


no change observed 




-1.1 % 


Ag98.4Pd0.lMol.5 


no change observed 




-1.0% 


Ag96.9Pd0.lMo3.0 


no change observed 




-1.0% 


Ag98.4Pdl.5Mo0.l 


no change observed 




-0.9 % 
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Table 2 Continued 



Material composition 
( wt%) 


Surface state of the layer 
after heating at 250°C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 
heating 

fwavplpncrth nfROO nm^ 

y w a v lVilslLll Ui OvV 11X11 J 


Ag97.0Pdl.5Mol. 5 


no change observed 




-0.7 % 


AoQS SPH1 SMnl 0 


I1U VJloIlgC UObClVcU 




mo/ 

-KJ. / /O 


AoQfi QPrH OMnO 1 


no cnange ooservea 




1 AO/ 


/A.g.7 J.-J.TUJ.U1VIU 1 .J 


IIU CnallgC ODaCrvCU 




-U.J 70 


AoQ4 OPH^ OMol 0 


IIU CflailgC uoserveu 




-U.4 To 


AoOO ftp fin i Ann 1 


no cnange ooservea 




110/ 

-1.1 To 


AoQR J.PHO 1 Anl ^ 


no cnange ooservea 




i n 0/ 
-l.U 70 




no cnange ooservea 




1 f\ 0/ 
-l.U 70 


AoQS 4PH1 ^AnO 1 

/vgyo.H-rai .jauu. i 


no change observed 




A O 0/ 


AaQ7 flPHl ^Anl ^ 


no change observed 




-U.7 % 


AoQ^ ^Prl1 ^An^ H 


no change observed 




A "7 0/ 

-0.7 % 


ActQA QPrH OAnH 1 


no change observed 




1 A 0/ 

-l.U % 


AoQS ^PH^ flAnl ^ 


no change observed 




A C 0/ 


AaOA fiPrH flAn^ A 


no change observed 




A /I 0/ 

-U.4 % 


AoQO ftAnH IRuH 1 


no cnange ooservea 




1 A 0/ 

-l.U % 


AoQR A AnH 1 Pn1 ^ 


no change observed 




A Q 0/ 

-U.o % 


AoQA QAnfi 1Pn^ 0 


no change observed 




A C 0/ 

-U.5 % 


AoQS dAnl ^PnO 1 


no cnange ooservea 




1 A 0/ 

-l.U % 


AaQ7 0An1 SPn1 S 


no cnange ooservea 




A 1 0/ 
-U.J 70 


ApQS SAnl SRn^ 0 


no cnange ooservea 




A A 0/ 
-U.O 70 


AoOfi OAn^ OPiiO 1 


no cnange ooservea 




A O 0/ 

-U.o % 


AaOS SAn^ ORiil S 


no cnange ooservea 




A ^ 0/ 


Ap94 OAii^ 0Rn^ 0 


iiu Liiaiigc uuberveu 




A C 0/ 
-U.O 70 


AoQQ £PH0 IPiift 1 


no cnange ooservea 




1 A 0/ 
-l.U To 


AoQS 4PH0 1 Pn1 ^ 
Ag^o.Hruy. 1 IVU 1 .J 


no change observed 




A A 0/ 


Ae96 9PdO 1Ru3 0 


no chanpp oh^prvpH 




-l.U /o 


Ag98.4Pdl.5Ru0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Rul. 5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.GRu0.1 


no change observed 




-1.0% 


Ag95.5Pd3.0Rul. 5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



Material composition 
( wt%) 

TTahle 


Surface state of the layer 
after heating at 250 ° C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength oi oUU nmj 


A nfkfh O A ..A 1 /"'..A 1 

Agyy.oAuU.lCuU.l 


no change observed 




A O 0/ 

-u.y % 


A «oo A A 1 1 c 

Agy o .4 AuU . 1 Cu 1 . j 


no change observed 




A Q 0/ 

-U.o % 


ArtQ/; GA,,n 1/"\il A 

Agyo.yAuu. icuj.u 


no change observed 




A Q 0/ 
-U.O 70 


Agyo.4AUl.jUuU. 1 


no change observed 




A n o/ 
-U. / To 


AnOT AAnI ^r^nl ^ 
Agy /.UAUl . DLU 1 .J 


no change observed 




A A 0/ 
-U.O 70 


Agyj.jAUl . jUUj.U 


no change observed 




A ^ 0/ 

-U.D To 


Agyo.VAUi.UL/UU. I 


no change observed 




A O 0/ 
-U.O 70 


Agyj.jAUi.UCUl.j 


no change observed 




A ^ 0/ 
-U.J 70 


Agy4.UAUj.UCUj\U 


no change observed 




A /C 0/ 
-U.O 70 


a nOn o a a *n 1 TSA t 

Agyy.oAuu.i nu.i 


no change observed 




A Q 0/ 

-u.y % 


A rtQO /I A „rt 1 T,* 1 ^ 

Agyo.4AuU. 1 111. J 


no change observed 




A C 0/ 
-U.O 70 


A <-»A£ A A „A 1 T'.'l A 

Agyo.yAuu. i nj.u 


no change observed 




A 1 0/ 

-U.3 % 


A nflO /I A it 1 CTirt 1 

Agyo.4AuO llU.l 


no change observed 




A C 0/ 

-U.5 % 


A ^A*7 A A 1 CT.' 1 C 

Agy /.UAul.J lll.D 


no change observed 




A O 0/ 

-U.o % 


A ~nc C A„1 CTil A 

Agyj.jAul .J llj.U 


no change observed 




A 0/ 
-U.O 70 


Agyo.yAuj.u nu. i 


no change observed 




a n o/ 

-u.y To 


A *-»A C C An! ATi 1 C 

Agyj.DAUi.Ulll.!) 


no change observed 




110/ 

-1.1 To 


A A A A nl ATi 1 A 

Agy 4 . U AU J . U 1 1j . U 


no change observed 




1 A 0/ 

-1.0 % 


Agyy.o AuU. 1 CrO.l 


no change observed 




A O 0/ 

-U.o % 


A rrOO /I A nA 1 /"VI ^ 

Agyo.4Auu. lcn .0 


no change observed 




1 A 0/ 
-l.U 70 


A rrQA QAnfi 1 rvi A 

Agyo.yAuu. ido.u 


no change observed 




A & 0/ 
-U.O 70 


A rrOC /I A ii 1 ^PrA 1 
Agyo.4AUl. DUrU. 1 


no change observed 




A O 0/ 

-u.y % 


AM17 AAnI </~V1 ^ 

Agy / .UAui. DCri.j 


no change observed 




A A 0/ 

-U.4 70 


ArrO^ ^Anl Zr*r1 A 

Agy j. jAui .dufj.u 


no change observed 




110/ 
-1.1 70 


AfTOA GAnl CiCrfi 1 

Agyo.yAuj.uuru. i 


no change observed 




A O 0/ 
-U.O 70 


ArrQ^ ^Anl flPrl ^ 

Agyj.jAuj.UL/ri o 


no change observed 




a n o/ 

-u.y % 


A rrQA A A nl APrl A 

Agy4.UAuj\uurj.u 


no change observed 




A H 0/ 

-U.7 % 


A nftn O A ..A 1 T«A t 

Agyy.oAuU.l laU.l 


no change observed 




A C 0/ 

-0.5 % 


A ^AO /I A ..A 1 TV. 1 C 

Ag98.4AuU.lTal. 5 


no change observed 




-0.6 % 


A r*A/C A A nA 1 Tnl A 

Agyo.yAuu. i ia3.u 


no change observed 




1 1 0/ 

-1.1 % 


Ag98.6Aul.5Ta0.1 


no change observed 




-0.4 % 


Ag97.0Aul.5Tal. 5 


no change observed 




-0.9 % 


Ag95.5Aul.5Ta3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Ta0.1 


no change observed 




-0.5 % 


Ag95.5Au3.0Tal. 5 


no change observed 




-1.0% 


Ag94.0Au3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material composition 
(wt%) 


Surface state of the layer 
after heating at 250°C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Agyy.oAuu.i mou. i 




no change observed 




ft 1 0/ 

-u. / /o 


A rtOQ /lAuft 1\>frt1 < 

Agyo.4AUU. IM01.D 


no change observed 




-1.1 /o 


A r*Q£ Q A nft 1 \/f/xl ft 

Agyo.yAuu. iivioj.u 


no change observed 




ft Q 0/ 

-U.o 70 


Agyo.4Au i .jMoU. 1 


no change observed 




ft A 0/ 

-U.4 To 


Agy / .UAUl .jMOl. J 


no change observed 




ft o o/ 

-U.O 70 


Agy D . J AU 1 . j MO J . U 


no change observed 




ft 1 0/ 
-U.J 70 


A rrOA OA 11I ftXvfrtft 1 

Agyo.yAuj.UMou. 1 


no change observed 




ft O 0/ 

-u.y to 


A rvQC CA11I ftTVyfrtl < 

Agy J . J AU J . UMO 1 . J 


no change observed 




110/ 
-1.1 70 


ArtQA ftAul fi\As\1 ft 
Agy4.UAUj.UJVL0J.U 


no change observed 




1 ft 0/ 
-l.U 70 


ArrQO fiAiiH IXTift 1 

Agyv.oAuu.iiMU.i 


no cnange ooservea 




ft ^ 0/ 

-U.j /o 


ArrGRAAiift IXTil ^ 

Agyo.HAUU. 1 IN 1 1 . J 


no cnange ooservea 




1 1 0/ 
-1.1 70 


A rrQA QAiift 1X1^ ft 

Agyo.yAuu. iinij.u 


no change observed 




A 0 0/ 
-U.O 70 


ArrOC /I An1 ^XTift 1 

Agyo.4AU 1 . jINIU. 1 


no change observed 




ft A 0/ 

-U.4 70 


Agy /.UAUl. jINli .J 


no change observed 




1 ft 0/ 
-l.U 70 


A ~Q C C A„1 CXTi'J ft 

Agyj.jAUl. JiNlJ.U 


no change observed 




ft H 0/ 
-U. / 70 


a rrQt: qa iii ftXKft 1 

Agyo.yAuj.uiNiu. 1 


no change observed 




ft O. 0/ 

-U.y % 


A rrQC C An! ftKN 1 < 

Agyj. jAUj.UfNl 1 . j 


no change observed 




ft & 0/ 

-U.O % 


A nQA A A ill fTM^ ft 
Agy4.UAUj.UINlJ.U 


no change observed 




ft Q 0/ 

-U.o % 


A rrOO © A aift 1 A in 1 

Agyy.oAuu.iAiu.i 


no change observed 




1 ftO 0/ 

-l .uy % 


A rrOC /I A 11ft 1 A 1 1 ^ 
Agyo.4AUU. 1 All .J 


no change observed 




110/ 

-1.1 % 


A rrQ£ O A 11ft 1 All ft 

Agyo.yAuu. 1 aij.u 


no change observed 




ft *7 0/ 

-U. / % 


A r>QQ A A 11 1 ^ A 1ft 1 

Agyo.4AUl.DAlU. 1 


no change observed 




ft n o/ 

-u.y % 


AnQ7ftAn1 ^A11 ^ 
Agy /.UAUl. J All. J 


no change observed 




ft C 0/ 

-U.J % 


A rrQ ^ ^ A 1 1 1 QAiift 

Agyj. jAUI . jAIj.U 


no change observed 




ft A 0/ 

-U.4 % 


ArrQA QAnl ftAlft 1 

Agyo.yAUJ.UAiu. i 


no change observed 




ft O 0/ 

-U.o % 


A rrQ^ ^ Anl ft A 1 1 ^ 

Agyj. jAUj.UAII . J 


no change observed 




1 ft 0/ 

-l.U % 


A rrQA ftAiil ftAll ft 
Agy4.UAUJ.UAlJ.U 


no change observed 




110/ 

-1.1 70 


A„OQ Q A lift ITVhft 1 
Agyy.oAUU.IiNDU.l 


no cnange ooservea 




110/ 
-1.1 70 


A «AO A A nft 1 XTU 1 C 

Agy o .4AuU. 1 N b 1 . 5 


no change observed 




1 f\ Ci/ 

-l.O % 


A ^*ft/C OA,.H 1 XTU 7 ft 


no change observed 




-0.9 % 


Ag98.4Aul.5Nb0.1 


no change observed 




-0.8 % 


Ag97.0Aul.5Nb 1.5 


no change observed 




-0.7 % 


Ag95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0% 


Ag95.5Au3.0Nbl.5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


no change observed 




-0.4 % 
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AgRuX Table 2 Continued 



Material composition 
(wt%) 


Surface state of the layer 
after heating at 250 ° C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


ArrQO fir/nO ir^nfi 1 

Agyy.otvuu.iv^uu.i 


no c flange ooservea 




-yj.y /o 


AoQS 4PiiO. IPnl ^ 
Ag^O.^tlXUU. ll^U1.3 


no cnange ooservea 




-U.o /o 


ActQA qphO ipni n 
Agyo.yixuu. iv^uj.u 


no cnange ooservea 




-u. / /o 


AcrQS 4Pu1 ^Pnfi 1 
Agyo.4ixU1.3l^UU. 1 


no cnange ODservea 




-U. / /o 


Agy / .UlvU 1 .3l^U 1 .3 


no cnange ooservea 




-U.O /o 


ArrO^ ^Pn1 ^Pnl fl 

Agy 3 . 3 IxU 1 . 3 V^U J . U 


no cnange ooserveo 




-U.3 /o 


ArrOA QPn7 flf^ufi 1 


no change observed 




n 7 0/ 

-U. / 70 


ArrQ^ ^Pn^ nr^ni ^ 
Agy 3. 31XU3.ULA1 1 .3 


no change observed 




-U.3 /o 


ArrO/i HDni nrsii f\ 
Agy4.UKU j .UCU J .u 


no change observed 




-U.O 70 


AstQO QD..A ITSft 1 

Agyy.oKuu.i hu.i 


no change observed 




n q 0/ 
-u.y 70 


Agyo.41xUU. 1 1 1 1 .J 


no change observed 




rk a 0/ 

-U.O 70 


AcrQ^ QPnH 1 Til 0 
AgyO.yixUU. 1 113. U 


no cnange ODservea 




-U.4 /o 


Agy 0.41x111 .3 11U. 1 


no cnange ODservea 




-U.3 /o 


AoQ7 OP nl ^Ti1 ^ 
rYgJ 1 .UlMi 1 .J 111.3 


no cnange ouserveci 




-U.o /o 


ArrQ^ ^Pul ^TW n 
Agy 3. 31XU1 .3 1 13. U 


no change observed 




-U.3 70 


AoQfi QPnl fiTiO 1 
Agy0.yixU3.U 11U. 1 


no cnange ODserveu 




AQO/ 

-u.y /o 


Agy3.3ixU3.U 111.3 


no cnange ooserveo 




110/ 

-1.1 70 


ActQA HPii^ HTH n 
Agy*t.UlxU3.U 113. U 


no change observed 




1 n 0/ 

-l.U 70 


AnQO QDiiO. 1 f^Vfi 1 

Agyy.oKuu.icru.i 


no change observed 




n 0 0/ 

-U.O 70 


Ag7o. 4 flvUU. 1 v^rl .3 


no cnange ooservea 




1 n 0/ 
-l.U /o 


ActQ/^ QPnO irv* n 

AgyO.:7lxUU. 1 V^l3 .U 


no cnange ooservea 




-U.O /o 


AoQ8 4Pn1 ^Prfl 1 
Agyo.4rxUl .3x^rU. 1 


no cnange ooserveo 




AO0/ 

-U.<5 /o 


Agy / .Ulxlll .3v^il .3 


no change observed 




A /I 0/ 

-U.4 to 


ArrQ^ ^Pnl ^Pr^ H 
Agy3.31XUl .3V~T3.U 


no change observed 




1 f\ 0/ 

-l.U 70 


ArrQA QPn^ nrvn i 

Agyo.yixU3 .UxvlU. 1 


no change observed 




-U.o yo 


ArrCK ^Pn'l firV1 ^ 
Ag^3. 3IXU3. Uv^rl .3 


no change observed 




-u.y to 


AnQA nPni firv* n 
Agy 4 . u ku j . u cr3 . u 


no change observed 




n 0 0/ 

-U.O 70 


ArrOO fiDiiO. IToO 1 

Agyy.oKuu.i iau.1 


no change observed 




n 0 0/ 

-u.y % 


AgyO.'flxUU. 1 lal .3 


no cnange ooservea 




Ago/ 

-U.O 70 


Ag96.9Ru0.1Ta3.0 


no change observed 




-0.7 % 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Tal. 5 


no change observed 




-0.6 % 


Ag95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal. 5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 
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Material composition 
( wt%) 


Surface state of the layer 
after heating at 250 ° C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag99.8Ru0.1Mo0.1 


1 A 1 

no change observed 




-0.8 % 


A A O A Tk A 1 \ f 1 

Ag98.4RuO.lMol. 5 


no change observed 




-1.0 % 


Ag96.9Ru0.1Mo3.0 


no change observed 




-0.6 % 


Ag98.4Rul.5Mo0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Mol. 5 


no change observed 




-0.4 % 


Ag95.5Rul.5Mo3.0 


no change observed 




-1.1 % 


Ag96.9Ru3.0Mo0.1 


no change observed 




-0.8 % 


Ag95.5Ru3.0Mol. 5 


no change observed 




-0.7 % 


Ag94.0Ru3.0Mo3.0 


no change observed 




-0.6 % 


Ag99.8Ru0.1Ni0.1 


no change observed 




-1.0 % 


Ag98.4RuO.lNil. 5 


no change observed 




-1.1 % 


Ag96.9Ru0.1Ni3.0 


no change observed 




-0.8 % 


Ag98.4Rul.5Ni0.1 


no change observed 




-0.8 % 


Ag97.0Rul.5Nil. 5 


no change observed 


— 


-0.5 % 


Ag95.5Rul.5Ni3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ni0.l 


no change observed 




-0.7 % 


Ag95.5Ru3.0Nil. 5 


no change observed 




-1.0 % 


A —f\ A AT* ""1 A\T'1 A 

Ag94.0Ru3.0Ni3.0 


no change observed 




-1.1 % 


Ag99.8Ru0.1A10.1 


no change observed 




-1.0 % 


Ag98.4Ru0.lAll.5 


no change observed 




-1.1 % 


A A/"* f\T\ A 1 A 1 ^ /\ 

Ag96.9Ru0.1A13.0 


no change observed 


— — 


-0.7 % 


Ag98.4Rul.5A10.1 


no change observed 




-0.9 % 


Ag97.0Rul.5All. 5 


no change observed 




-0.5 % 


Ag95.5Rul.5A13.0 


no change observed 




-0.5 % 


A AzT AT> 1 A A 1 A 1 

Ag96.9Ru3.0A10. 1 


no change observed 




-0.8 % 


Ag95.5Ru3.0All. 5 


no change observed 




-1.0 % 


Ag94.0Ru3.0A13.0 


no change observed 




-1.1 % 


Ag99.8Ru0.1Nb0.1 


no change observed 


— 


-1.1 % 


Ag98.4RuO.lNbl. 5 


no change observed 




-1.0% 


Ag96.9Ru0.1Nb3.0 


no change observed 


— 


-0.8 % 


inflo CXfUA 1 

Agyo.4Kul.5NbU.l 


no change observed 




A O O/ 

-0.8 % 


Ag97.0Rul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Rul.5Nb3.0 


no change observed 




-0.7 % 


Ag96.9Ru3.0Nb0.1 


no change observed 




-1.0% 


Ag95.5Ru3.0Nbl.5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 
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[0059] While the surface change and the accompanying decrease in the reflection 
index were observed with the Ag-alloy layers in the Comparison, they were not observed with the 
Ag-alloy layers of any examined composition in Example 1, as shown in Table 2. 

[0060] Moreover, the quartz substrates, on which various Ag-alloy layers were 
deposited and which were heated to 250°C as described, were further kept on a hot plate at 
400°C for two hours. The surface change and the decrease in the reflection index were not 
observed in the Ag-alloy layers of any examined composition (data not shown). 

[0061] The Ag-alloy reflecting layers that included Ag and 0.1-3.0 wt% Cu, Ti, Cr, 
Ta, Mo, Ni, Al, or Nb but did not include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that the thickness of the layer was 15 nm by 
simultaneous sputtering. The visual change of the layers was observed over time both at 250°C • 
and 400°C. All the layers became white and the reflection index was decreased (data not shown). 

[0062] Taken together, it was revealed that the Ag-alloy layers including Ag as a main 
component, the first e l e m e nt first metal and the s e cond e l e ment second metal had improved heat 
resistance and maintained a_high reflection index. 

Example 2 

[0063] In this Example, the utility of the ternary Ag-alloy layers as reflectors and 
reflective wiring electrodes for reflection-type liquid crystal display devices was studied. 

[0064] The anti-corrosive study on chemical stability was conducted with respect to 
the conventional metal layers (pure Al, an Al alloy, Ag, binary Ag-alloys) and the ternary Ag- 
alloy layers of the present invention. A liquid resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers were washed with an alkali solution (5 % 
KOH aqueous solution) to remove the resist. The surface of the layers was observed. The results 
are shown in Table 3. 
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Table 3 



Material composition ( wt%) 


Alkali solution 


A 1 

Al 


completely reacted 


Aiyo.UMg4.U 


completely reacted 


Al coated with acrylic resin 


partially reacted 


A ftQO AD/IO A 

Agyo.Urd2.U 


many black stains 


A ftfll AD/11 A 


moderate black stains 


Agyy.ordU.lCuU.l 


no change 


A nflO /1D/1A CPuft 1 

Agyy.4raU.DCuU. 1 


no change 


Agyo. IraU.yCUl .U 


no change 


AnOO OD/11 A/^tiA 1 

Agye.yrdi .ucuu. i 


no change 


Agy /.yrdz.ucuu. i 


no change 


a^q/: qdji A/^nA 1 

Agyo.yrdJ.uuuu. l 


no change 


Agyo.jrdi.UUUU.j 


no change 


A /-rO/l AD/11 AfSil A 

Agy4.Urdj .UCUJ .[) 


no change 


Agyy.ordU.l I iU.1 


no change 


a rtflfl /ID/1 A <T\"A 1 

Agyy.4rdU.j llU.l 


no change 


Agyo. 1 rdU.y 1 1 1 ,u 


no change 


A -,(lO ADJ 1 AT,'A 1 

Agy o.yrd I .U 1 lU. 1 


no change 


A /v07 QD/IO ATiA 1 

Agy /.yrdz.u liu. i 


no change 


A r*Q£ QD/11 ATi'A 1 

Agyo.yrdi.u liu. i 


no change 


A ~Q/r CD/11 ATiA < 

Agyo.Drdi.U llUO 


no change 


Agy4.Urd3.U HJ.U 


no change 


Agy y ,o JrdU. 1 C rU. 1 


no change 


A «AO /1D/1A 1 1 C 

Agyo.4rdU. lCrl.D 


no change 


A nQ< QD/1A 1 /"VI A 

Agyo.yrdU. lcri.u 


no change 


A rt fiO /ID/11 C/^-A 1 

Agyo.4rdl.5CrU. 1 


no change 


A nOT AD/1 1 r/^^i c 

Agy /.Urd i . sen .> 


no change 


a „nc CD/11 cr 1 *! A 

Agy j . j r d I . j cr j . u 


no change 


A rtO/C AD/11 A 1 

Agyo.yrdj.ucru. i 


no change 


a cD/ii Ar^ 1 c 

Agy o ordj .ucr l . j 


no change 


A />A/1 AD/11 A/^V2 A 

Agy4.urdJ.ucrJ.u 


no change 


AoOQ KPriO 1 ThO 1 


Tin r> V\ q ri erf* 
11U dlclIlgC 


Ag98.4Pd0.1Tal.5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal. 5 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


Ag95.5Pd3.0Tal. 5 


no change 
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Ag94.0Pd3.0Ta3.0 


no change 


Ag99.8Pd0.1Mo0.1 


no change 


Ag98.4Pd0.1Mol.5 


no change 


Ag96.9PdO. 1 Mo3.0 


no change 


Ag98.4Pdl.5Mo0.1 


no change 


Ag97.0Pdl.5Mol. 5 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


Ag95.5Pd3.OMol. 5 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


Ag98.4Pd0.lNil. 5 


no change 


Ag96.9Pd0.lNi3.0 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


Ag97.0Pdl.5Nil. 5 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


Ag96.9Pd3.0Ni0.l 


no change 


Ag95.5Pd3.0Nil. 5 


no change 


A ^ C\ A ATI J1 A\T'l f\ 

Ag94.0Pd3.0Ni3.0 


no change 


A t\f\ nil 1 f\ -a a 1 f\ -4 

Ag99.8Pd0.1A10.1 


no change 


A f \ O A T\ J /\ 1 A 1 1 C 

Ag98.4Pd0.lAll.5 


no change 


Ag96.9Pd0.1A13.0 


no change 


Ag98.4Pdl.5Al0.l 


no change 


Ag97.0Pdl.5All. 5 


no change 


Ag95.5Pdl.5A13.0 


no change 


Ag96.9Pd3.0A10.1 


no change 


Ag95.5Pd3.0All. 5 


no change 


Ag94.0Pd3.0A13.0 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


Ag98.4PdO.lNbl. 5 


no change 


Ag96.9Pd0.1Nb3.0 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


Ag97.0Pdl.5Nbl. 5 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


AoOS SPH^ 0MV*1 S 


no cnange 


Ag94.0Pd3.0Nb3.0 


no change 


Ag99.8Pd0.1Au0.1 


no change 


Ag98.4PdO.lAul. 5 


no change 


Ag96.9Pd0.1Au3.0 


no change 


Ag98.4Pdl.5Au0.1 


no change 
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Ag97.0Pdl.5Aul.5 


no change 


Ag95.5Pdl.5Au3.0 


no change 


A —A C AnJI A A ..A 1 

Ag9o.9Pd3.0Au0. 1 


no change 


Ag95.5Pd3.0Aul. 5 


no change 


A ~A A A A. ."5 A 

Ag94.0Pd3.0Au3.0 


no change 


A „ftft On. .A 1 A ..A 1 

Ag9V.oKuU.l AuU.l 


no change 


a no /ir>..A i a . . 1 c 

Ag9o.4RuO. 1 Au 1 .5 


no change 


A A/T AD., A 1 A ..1 A 

Ag9o.9Ru0.1Au3.0 


no change 


A AO /in.. 1 CA..A 1 

Ag98.4Rul .5Au0. 1 


no change 


A J^H An.. 1 CA..1 C 

Ag97.0Ru 1 .5Aul .5 


no change 


A A C Cn.. 1 CA..T A 

Ag95 .5Ru 1 . 5 Au3 .0 


no change 


A A £ AT)..1 A A ..A 1 

Ag9o.9Ru3.0Au0. 1 


no change 


A A C CT1..1 A A . . 1 C 

Ag95.5Ru3.0Aul .5 


no change 


A A /I AD..1 AA.-'i A 

Ag94.0Ru3.0Au3 .0 


no change 


Ag99.8Pd0.1Ru0.1 


no change 


A AO iinJA in i c 

Ag98.4Pd0.1Ru 1.5 


no change 


a z~ f\T* J a i n oa 

Ag96.9Pd0.1Ru3.0 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


Ag97.0Pdl.5Ru 1.5 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


Ag95.5Pd3.0Rul.5 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


AgAuX Table 3 Continued 


Material composition ( wt%) 


Alkali solution 


Ag98.0Au2.0 


many black stains 


Ag97.0Au3.0 


moderate black stains 


Ag99.8Au0.1Cu0.1 


no change 


Ag99.4Au0.5Cu0.1 


no change 


Ag98.1Au0.9Cul.O 


no change 


Ag98.9Aul.0Cu0.1 


no change 


Ag97.9Au2.0Cu0.1 


no change 


Ag96.9Au3.0Cu0.1 


no change 


Ag96.5Au3.0Cu0.5 


no change 


Ag94.0Au3.0Cu3.0 


no change 


Ag99.8Au0.1Ti0.1 


no change 


Ag99.4Au0.5Ti0.1 


no change 


Ag98.1Au0.9Ti 1.0 


no change 


Ag98.9Aul.0Ti0.1 


no change 


Ag97.9Au2.0Ti0.1 


no change 
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Ag96.9Au3.0l lO.l 


no change 


A — AZT C A 1 AHP'A C 

Ag96.5Au3.0Ti0.5 


no change 


A —A A A A 1 /\T" -> f\ 

Ag94.0Au3.0Ti3.0 


no change 


Ag99.8Au0.1Cr0.1 


no change 


A AO /I A . A 1 1 c 

Ag98.4AuO.lCrl. 5 


no change 


A AZ" n A . A 1 /^>_1 A 

Ag96.9 AuO. 1 Cr3 .0 


no change 


A A O A A m . 1 C A 1 

Ag9 8 . 4 Au 1 . 5 CrO . 1 


no change 


A A "7 A A » . 1 C /"^— 1 C 

Ag97.0Aul .5Cr 1 .5 


no change 


Ag95 . 5 Au 1 . 5Cr3 .0 


no change 


A A A A ..1 f\/~*-J\ 1 

Ag9o.9Au3.0Cr0.1 


no change 


Ag95.5Au3.0Grl.5 


no change 


A A A A A - .1 A^_1 A 

Ag94.0Au3.0Cr3.0 


no change 


Ag99.8Au0.1Ta0.1 


no change 


A A O A A . . A 1 HF_ 1 C 

Ag98.4Au0.l lal.5 


no change 


A —A ZT A A . . A 1 TV ") A 

Ag9o.9Au0.1Ta3.0 


no change 


A AO A A 1 CT-A 1 

Ag98.4Aul.5 laO.l 


no change 


a ^nn a a i fT» 1 c 

Ag97.0Aul.5Tal. 5 


no change 


Ag95.5Aul.5Ta3.0 


no change 


A A Z" A A . . T AHP_ A 1 

Ag9o . 9 Au3 . OTaO . 1 


no change 


A —A C C A . . 1 AT. 1 iT 

Ag95.5Au3.0Tal .5 


no change 


A A A A A . . AT 1 — T> A 

Ag94.0Au3.0Ta3.0 


no change 


Ag99.8Au0.1Mo0.1 


no change 


A ^AO A A ..A 1 X A ~ 1 C 

Ag98.4AuO. IMol .5 


no change 


A pi ZT A A . ■ A 1 A /f„1 A 

Ag96.9Au0.lMo3.0 


no change 


A —AO /I A 1 ATA X A 1 

Ag98.4Aul.5Mo0. 1 


no change 


A —AT A A 1 f A jT 1 AT 

Ag97.0Aul.5Mol. 5 


no change 


A —A C C A . • 1 C\*~T A 

Ag95.5 Aul ,5Mo3.0 


no change 


A ~X\C A A CW /f ~ A 1 

Ag9o.9Au3.0Mo0. 1 


no change 


Ag95.5Aui.0Mol .5 


no change 


Ag94. 0 Au3 . 0Mo3 . 0 


no change 


Ag99.8Au0.1NuLl 


no change 


A AO A A . .A IXT'1 C 

Ag98.4AuO.lNil. 5 


no change 


A A/ AA..A IXT'1 A 

Ag96.9AuO. 1 Ni3 .0 


no change 


A AO A A 1 CXI 'A 1 

Ag98.4Aul.5Ni0.1 


no change 


A —A TAA..1 CXT'1 C 

Ag97.0Aul.5Nil, 5 


no change 


AoOS SAnl SNil n 


no cnange 


Ag96.9Au3.0Ni0.1 


no change 


Ag95.5Au3.0Ni 1.5 


no change 


Ag94.0Au3.0Ni3.0 


no change 


Ag99.8Au0.1A10.1 


no change 


Ag98.4Au0.1A11.5 


no change 
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A rrO£ QA11A 1 All A 

Agyo.VAuu. i ajj.u 


no change 


A rrOO /1An1 ^AIA 1 

Agyo.4AU 1 .D A1U. 1 


no change 


AoOT AAnl c All C 

Agy / .U AU 1 . D Al 1 . J 


no change 


A rrOC C A,,1 C All A 

Agyj.DAUl.DAlJ.U 


no change 


A /vO/C QAn'J A A 1A 1 

Agyo.yAlo.UAlU. 1 


no change 


ArrQ^ C Aiil AA11 ^ 

Agyj.jAUj.UAll .> 


no change 


A rwQA AAnT AA11 A 

Agy4.UAU3.UA13.U 


no change 


Agyy.0Auu.1rN DU.l 


no change 


Agyo.4AuO.lNbl. 5 


no change 


Ag96.9Au0.lNb3.0 


no change 


Ag98.4Aul.5Nb0.l 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


Ag95.5Aul.5Nb3.0 


no change 


Ag96.9Au3.0Nb0.l 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


Ag94.0Au3.0Nb3.0 


no change 


AgRuX Table 3 Continued 


Material composition ( wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97.0Ru3.0 


moderate black stains 


Ag99.8Ru0.1Cu0.1 


no change 


Ag99.4Ru0.5Cu0.l 


no change 


Ag98.lRu0.9Cul.0 


no change 


Ag98.9Rul.0Cu0. 1 


no change 


Ag97.9Ru2.0Cu0.l 


no change 


Ag96.9Ru3.0Cu0.l 


no change 


Ag96.5Ru3.0Cu0.5 


no change 


Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8RuO.lTHU 


no change 


Ag99.4Ru0.5Ti0.l 


no change 


Ag98.1Ru0.9Ti 1.0 


no change 


Ag98.9Rul.0Ti0.1 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


Ag96.5Ru3.0Ti0.5 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


Ag99.8Ru0.1Cr0.1 


no change 


Ag98.4RuO.lCrl. 5 


no change 


Ag96.9Ru0.1Cr3.0 


no change 


Ag98.4Rul.5Cr0.1 


no change 
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Ag9 /.0Rul.5Crl.5 


no change 


a rtfjc f n,,i c/"V3 A 

Ag95.5Rul .5Cr3.U 


no change 


Ag9o.9Ru3 .OCrU. 1 


no change 


Ag95.5Ru3.0Cr 1.5 


no change 


A AD.. "5 A/~ , _'5 A 

Ag94.0Ru3.0Cr3.0 


no change 


Ag99.8Ru0.1Ta0.1 


no change 


A _A O ^n..A 1 T_ -| c 

Ag98.4RuO.lTal. 5 


no change 


A A AT* - A IT—I A 

Ag96.9Ru0.1Ta3.0 


no change 


A A O /(n. 1 C T_ A 1 

Ag98.4Rul.5Ta0.1 


no change 


Ag97.0Rul.5 lal.5 


no change 


A ™A C CT1..1 C T„ "5 A 

Ag95.5Rul.5 la3.0 


no change 


Ag96.9Ru3.0ia0.1 


no change 


A C\ C cn..1 AT- 1 c 

Ag95.5Ru3.0Tal. 5 


no change 


a a a nn..i Anr_o a 

Ag94.0Ru3 .0Ta3 .0 


no change 


Ag99.8Ru0.lMo0.l 


no change 


A .—AO /IT*. .A 1 \ jf_ 1 C 

Ag98.4Ru0.1Mol.5 


no change 


A ^A^ AT*. .A 1 XJf-*) A 

Ag96.9RuO. 1 Mo3 .0 


no change 


A ^wAO /1D..1 CX /f„ A 1 

Ag9o.4Rul.5MoO. 1 


no change 


A nAl AD ,,1 C A <f ~ 1 C 

Agy /.0Kul.5Mol.5 


no change 


Ag9 5 . 5 Ru 1 . 5 Mo3 . 0 


no change 


A ^wA C AD..O A1V yf _ A 1 

Ag9o.9Ru3 .0Mo0. 1 


no change 


A AC CD *) AX X 1 C 

A g9 5 . 5 Ru 3 . 0 M o 1 . 5 


no change 


A ~A A AD 1 AH Jf "* A 

Ag94 . 0Ru3 . 0Mo3 . 0 


.no change 


Ag99.8Ru0.1Ni0.1 


no change 


A ^/\n /ID., A 1 XT- 1 C 

Ag98.4Ru0.1Nu.5 


no change 


A ^A/T AD. .A IXT.'I A 

Ag96.9RuO. lNi3.0 


no change 


A ~A O /ID.. 1 CXTJA 1 

Ag98.4Rul.5Ni0.1 


no change 


A —AT AD.. 1 CXTJ 1 C 

Ag97.0Rul.5Nil. 5 


no change 


AJ^C CD..1 CXT ' 1 A 

Ag95.5Rul.5Ni3.0 


no change 


A A/T AD. ."5 AXTJA "I 

Ag96.9Ru3.0Ni0.1 


no change 


A . A C CD..O AX T * 1 C 

Ag95.5Ru3.0Nil. 5 


no change 


Ag94.0Ru3.0Ni3.0 


no change 


a r\f\ on a -t a i/\ *i 

Ag99.8Ru0.1A10.1 


no change 


A . Tl O y1D..A 1 A11 C 

Ag98.4Ru0.lAll.5 


no change 


A C\H AD. .A 1 A IT A 

Ag9o.9RuO. 1 A13 .0 


no change 


ApQa 4Ru1 SA10 1 


nA /"* n q ti ct& 
I1U L-IldilgC 


Ag97.0Rul.5All. 5 


no change 


Ag95.5Rul.5A13.0 


no change 


Ag96.9Ru3.0A10.1 


no change 


Ag95.5Ru3.0All. 5 


no change 


Ag94.0Ru3.0A13.0 


no change 
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Ag99.8Ru0.1Nb0.1 


no change 


Ag98.4RuO.lNbl. 5 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


Ag98.4Ru 1 .5NbQ. 1 


no change 


Ag97.0Rul.5Nbl.5 


no change 


Ag95.5Rul.5Nb3.0 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


Ag95.5Ru3.0Nbl. 5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



[0065] As shown in Table 3, the decrease in the reflection index was not observed 
with the Ag- alloy layers of the present invention of any composition. Thus, the ternary Ag- alloy 
layers are more stable to alkali solution than conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

[0066] Next, the reflection index at 500 nm and 800 nm was measured in both layers. 
The range from 500 to 800 nm (565 nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the reflection index of the ternary Ag-alloy layers 
of the present invention was improved by 0.5-3.0 % compared with Al, the Al alloy, Ag, and the 
binary Ag-alloy layers. 



Table 4 



Material composition ( wt%) 


500 mm wavelength 


800 mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mg4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


Ag 


98.2 


98.8 


Ag98.0Pd2.0 


91.3 


94.5 


Ag97.0Pd3.0 


86.9 


92.1 


Ag99.8Pd0.1Cu0.1 


98.0 


98.6 


Ag99.4Pd0.5Cu0.1 


98.0 


98.4 


Ag98.1Pd0.9Cu 1.0 


97.8 


98.0 


Ag98.9Pdl.0Cu0.1 


94.4 


97.6 


Ag97.9Pd2.0Cu0.1 


91.4 


94.6 


Ag96.9Pd3.0Cu0.1 


87.5 


93.4 


Ag96.5Pd3.0Cu0.5 


87.3 


92.7 


Ag94.0Pd3.0Cu3.0 


84.7 


91.1 
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Ag99.8Pd0.1Ti0.1 


AO A 

98.0 


AO Z" 

98.6 


Ag99.4Pd0.5Ti0.1 


no a 

98.0 


AO A 

98.4 


A AO 1 "A J A AT** 1 A 

Ag98.1Pd0.9Ti 1.0 


AT zf 

97.6 


A *7 A 

97.9 


A —AO AT* J 1 ATP" A 1 

Ag98.9Pdl.0Ti0.1 


94.4 


97.6 


A .--AT ftnJI AT' A 1 

Ag97.9Pd2.01i0.1 


A 1 /I 

91.4 


Ay* /T 

94.6 


Ag9o.9Pd3.0 iiO.l 


87.5 


93.4 


A C\H CnJI ATI A C 

Ag96.5Pd3.0Ti0. 5 


Ol A 

87.0 


92.5 


a c\a AnJo at; 1 A 

Ag94.0Pd3.0Ti3.0 


0*7 A 

87.0 


A A -7 

90.7 


Ag99.8Pd0.1 C rO. 1 


A A £. 

94.6 


A A ~t 

94.7 


Ag98.4Pd0.1Cr 1.5 


91.7 


A 1 1 

91.7 


A ~A C ATiJA 1 /^—l A 

Ag9o.9PdO. 1 Cr3 .0 


OA ") 

89.3 


OA 1 

89.7 


A A O A T"» J 1 C A 1 

Ag98.4Pdl.5Cr0.1 


A 1 C 

91. 5 


91.7 


A m ATI J 1 C/^_1 c 

Ag97.0Pdl .5Crl .5 


o /r o 

86.8 


86.8 


a Ac c r»Ji c r^—i a 

Ag95.5Pdl ,5Cr3.0 


O A O 

84.2 


O A "» 

84.2 


Ag96.9Pd3.0Cr0.1 


Of / 

85.6 


Of / 

85.6 


A AC cnJi A/^— 1 c 

Ag95.5Pd3.0Crl. 5 


oi c 

83.5 


83.5 


Ag94.0Pd3.0Cr3.0 


o*^ n 

82.7 


82.7 


A A A On JA 1 A 1 

Ag99.8Pd0.1Ta0.1 


94.6 


94.7 


A A O A T1J A 1 T\~ 1 C 

Ag98.4Pd0.1 lal.5 


91.7 


91.7 


A -^A/T An JA 1 T T A 

Ag96.9Pd0. lTa3.0 


89.3 


89.7 


A __AO A T"l J 1 C T A 1 

Ag98.4Pdl.5Ta0.l 


91.5 


91.7 


A ~AT ATI J 1 CT- 1 C 

Ag97.0Pdl.5 lal.5 


O ZT O 

86.8 


86.8 


A —A C fnjl c T"_ 1 A 

Ag95.5Pdl.5Ta3.0 


O /I ^ 

84.2 


84.2 


Ag96.9Pd3.0Ta0.1 


Of / 

85.6 


85.6 


A _a r C TiA 1 AT« 1 C 

Ag95.5Pd3.0 lal.5 


O "5 c 

83.5 


Ol c 

83.5 


Ag94.0Pd3.0 la3.0 


o*^ 

82,7 


O^ *7 

82.7 


A ~ A A OT1JA f H/I« A 1 

Ag99.8rd0. 1 MoO.l 


94.6 


94.7 


Ag98.4PdO. 1 Mo 1 .5 


A 1 *7 

91.7 


91,7 


Ag9o.9PdO. 1 MO3.0 


OA 1 

89.3 


89.7 


A ^AO ATiAl CA>f n A 1 

Ag9o.4Pdl.5MoO. 1 


A 1 C 

91.5 


91.7 


A „/n AT» J 1 C* jT — 1 C 

Ag9 7 . OPd 1 . 5 Mo 1 . 5 


n/ O 

86.8 


86.8 


Ag95.5Pdl.5Mo3.0 


84.2 


84.2 


Ag9o.9Pd3.0Mo0.1 


O C £1 

85.6 


85.6 


a _A{ c nJI ATVvf— 1 C 

Ag95.5Pd3.0Mo 1.5 


0 1 c 

83.5 


83.5 


A —A A ATl JI A\jf—1 A 

Ag94.0Pd3.0Mo3.0 


82.7 


82.7 


AoQfi 4PH0 INiO 1 


Qfi 1 




Ag98.4PdO.lNi 1.5 


95.6 


95.6 


Ag96.9Pd0.1Ni3.0 


94.3 


94.8 


Ag98.4Pdl.5Ni0.1 


92.7 


93.7 


Ag97.0Pdl.5Ni 1.5 


91.2 


92.1 


Ag95.5Pdl.5Ni3.0 


88.9 


90.7 
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Ag96.9Pd3.0Ni0.l 


86. 1 


88.9 


Ag95.5Pd3.0Nu. 5 


84.6 


86.2 


Ag94.0Pd3.0Ni3.0 


82.7 


84.6 


Ag99.8Pd0.lAI0.l 


AO 1 

98. 1 


98.7 


Ag98.4Pd0.lAll.5 


98. 1 


98.4 


A _A/" AT» JA 1 A 1 /\ 

Ag96.9Pd0.1A13.0 


97.6 


98.1 


Ag98.4Pdl.5Al0.l 


96.5 


97.6 


Ag97.0Pdl.5All. 5 


95.3 


96.8 


Ag95.5Pdl.5Al3.0 


93.5 


95.9 


Ag96.9Pd3.0A10.1 


A 1 

91 


94.6 


A ~-f\ C iTTiJI A A 11 C 

Ag95.5Pd3.0All. 5 


O O £ 

88.6 


93 


A __A A A A 1 "> A 

Ag94.0Pd3.0A13.0 


86.1 


91.7 


Ag99.8Pd0.1Nb0.1 


95 


95.3 


A — r\ O A T» J A 1 V Tt^ 1 £" 

Ag98.4PdO.lNb l. 5 


94.4 


94.8 


Ag96.9Pd0.1Nb3.0 


93.8 


94.2 


Ag98.4Pdl.5Nb0.1 


92.4 


92.7 


Ag97.0Pdl.5Nb 1.5 


90.8 


91.4 


Ag95.5Pdl.5Nb3.0 


89.5 


90.2 


A _ A /"" AT*. -1 T AX T1_ A f 

Ag9o.9Pd3.0Nb0. 1 


86.7 


87.9 


A ~A C CTIJI ax n_ 1 c 

Ag95.5Pd3.0Nbl. 5 


84.6 


85.9 


A f\ A f\T\ 1 'I /\X T1 T A 

Ag94.0Pd3 .0Nb3 .0 


82.7 


84.7 


Ag99.8Pd0.1Au0.1 


96.7 


97.0 


Ag98.4PdO.lAul. 5 


96.4 


96.8 


A ^ f\ f AT*JA 1 A 1 A 

Ag96.9Pd0.1Au3.0 


95.8 


96.1 


A AO jinJl r- a A 1 

Ag98.4Pdl.5Au0.1 


92.3 


94.5 


Ag97.0Pdl.5Aul. 5 


92.1 


94.3 


a _ A f nil a ^> • a 

Ag95.5Pdl.5Au3.0 


92.4 


95.0 


A —A £ AT* A A ..A 1 

Ag96.9Pd3.0Au0.l 


85.1 


85.3 


A ~~C\ C f nJ1 A A 1 C 

Ag95.5Pd3.0Aul. 5 


83.2 


83.3 


A __A >i AnJi A a ^> A 

Ag94.0Pd3.0Au3.0 


82.0 


82.8 


Ag99.8Ru0.1Au0.1 


96.6 


97.1 


A —AO A T» A 1 A 1 £" 

Ag98.4Ru0.1Au 1.5 


96.3 


96.7 


A _AZ7 AT* A 1 A 1 A 

Ag96.9Ru0.1Au3.0 


95.8 


96.1 


A AO AT\ 1 C A A 1 

Ag98.4Rul.5Au0.l 


92.4 


94.4 


A —AT AT* 1 C A 1 C 

Ag97.0Rul.5Aul. 5 


92.1 


94.3 


AoQS SRnI SAnl 0 






Ag96.9Ru3.0Au0.1 


85.1 


85.3 


Ag95.5Ru3.0Aul. 5 


83.2 


83.2 


Ag94.0Ru3.0Au3.0 


82.0 


82.8 


Ag99.8Pd0.1Ru0.1 


96.7 


97.1 


Ag98.4PdO.lRul. 5 


96.4 


96.6 
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Ag96.9PdO. I Ru3 .0 


AC O 

95.8 


96.5 


A —AO yl ft J 1 fn. A 1 

Ag98.4Pdl.5Ru0.1 


A"* "1 

92.3 


A**! C 

93.5 


Ag97.0Pdl.5Rul. 5 


92.0 


94.3 


Ag95.5Pdl.5Ru3.0 


92.3 


95.0 


Ag96.9Pd3.0Ru0.1 


85.0 


85.3 


Ag95.5Pd3.0Rul. 5 


83.3 


83.3 


Ag94.0Pd3.0Ru3.0 


82.1 


82.5 


A rr A nY 


i aoie **■ L/Onunuea 




Material composition ( wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ag98.0Au2.0 


87.3 


92.2 


Ag97.0Au3.0 


86.1 


91.3 


Ag99.8Au0.1Cu0.1 


98.2 


98.8 


A J\f\ A A A £ f~> A 1 

Ag99.4AuO.5CuO. I 


98.1 


98.5 


A _TVO 1 A /"\ A/"'' 1 A 

Ag98.1Au0.9Cu 1.0 


97.6 


98.0 


a _no a a t r\ a 1 

Ag98.9Aul.0Cu0. 1 


96.5 


97.6 


Ag97,9Au2.0Cu0.l 


95.2 


96.9 


a A S~ A A i a/~" A 1 

Ag96.9Au3.0Cu0. 1 


A "J *7 

93.7 


96.1 


A ~AZT C A "J A/"" 1 A C 

Ag96.5Au3.0Cu0.5 


A 1 1 

91. 1 


94.7 


A ~A /I A A 1 A/" - '"i A 

Ag94.0Au3.0Cu3.0 


Of / 

85.6 


91.8 


a aa oa a -l np* a i 

Ag99.8Au0.1Ti0.1 


98.0 


98.5 


Ag99.4Au0.5Ti0.1 


97.8 


98.2 


A _AO 1 A A AT* i A 

Ag98.1Au0.9Til.O 


97.3 


97.9 


A _AO A A 1 AT 1 ' /~\ 1 

Ag98.9Aul.0Ti0.1 


96.6 


97.5 


A __A*7 A A '"I AT'A 1 

Ag97.9Au2.0Ti0.l 


95.5 


97.1 


A -^AZ" A A "> AT' A 1 

Ag96.9Au3.0Ti0.l 


93.9 


96.3 


A A ^ C A . . at; a c 

Ag96.5Au3.0Ti0.5 


A"» 

92.3 


95.2 


A ~T*i /I A A "> AT* A 

Ag94.0Au3.0Ti3.0 


86.4 


90.8 


A AA OA A -1 A 1 

Ag99.8Au0.1Cr0.1 


94.6 


94.7 


Ag98.4Au0.lCrl. 5 


93.4 


93.6 


Ag96.9Au0.lCr3.0 


91.9 


92.4 


Ag98.4Aul.5Cr0.1 


90.2 


90.7 


A _AT A A 1 C /***< 1 C 

Ag97.0Aul.5Crl. 5 


88.5 


89.3 


ActOS SAnI SPr^ 0 


Rfi 1 


Sift & 
oD.O 


Ag96.9Au3.0Cr0.1 


84.9 


85.2 


Ag95.5Au3.0Crl. 5 


83.4 


83.8 


Ag94.0Au3.0Cr3.0 


82.6 


82.6 


Ag99.8Au0.1Ta0.1 


95.1 


95.3 


Ag98.4AuO.lTal. 5 


94.6 


95.0 
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Ag96.9Au0.lTa3.0 


AO A 

93.4 


A A 1 

94.1 


* r\o z~ a i chr^a 1 

Ag98.6Aul,5Ta0,l 


A 1 O 

91,8 


no c 

92.5 


Ag97.0Aul.5Tal. 5 


A A A 

90.4 


A 1 T 

91.2 


A A C C A . . 1 C TV* 1 A 

Ag95.5Aul.5Ta3.0 


OO "7 

88.7 


OA A 

89.9 


A «-»A ZT A A ..T ATUA 1 

Ag96.9Au3.0 laO. 1 


oc a 
85.9 


on z: 

87.6 


Ag95.5Au3.0 lal.5 


84.5 


OCA 

85.9 


Ag94.0Au3.0 la3.0 


82.8 


O A 1 

84.2 


Ag99.8 AuO. 1 JVloO, 1 


A/1 O 

94.8 


AC 1 

95.1 


A AO /I A ..A IXjT^I C 

Ag9 8 .4 AuO . 1 Mo 1 . 5 


A A ^ 

94.2 


A A T 

94.7 


A . A Z" AA A 1 \ A 

Ag96.9Au0.1Mo3.0 


AT C 

93.5 


94.0 


A —AO A A 1 CA jf^A 1 

Ag98.4Aul.5MoO. I 


A*^ T 

92.3 


92.9 


A —A **T A A 1 f \ J 1 C 

Ag97.0Aul.5Mol. 5 


AA Z" 

90.6 


91.5 


A —A C C A . . 1 CX X^l A 

Ag95.5Aul.5Mo3.0 


OA *"7 

89.7 


A A T 

90.3 


A ^fi£ A A ..O A\ jf ^A 1 

Ag96.9Au3 .OMoO. 1 


o zr o 

86.8 


o o zr 

88.6 


A A C C A . . ") A\ jf ^ 1 C 

Ag95.5Au3.0Mol .5 


O A ZT 

84.6 


o zr a 

86.4 


A —A /I AA 1 A* /»1 A 

Ag94.0Au3.0Mo3 .0 


82.7 


84.5 


Ag99.8Au0.1Ni0.1 


95.7 


95.9 


A AO A A A 1\T"1 f 

Ag98.4AuO.lNil. 5 


95.2 


95.4 


A AZT A A. .A 1M'1 A 

Ag96.9Au0.1Ni3.0 


93.9 


94.6 


A A O A A 1 CXT^A 1 

Ag98.4Aul.5Ni0.l 


AT, ") 

92.3 


93.5 


A „A*7 A A 1 CXT- 1 C 

Ag97.0Aul.5Nil. 5 


AA O 

90.8 


A 1 A 

91. 9 


A C C A 1 CXTJ1 A 

Ag95.5Aul.5Ni3.0 


O O "7 

88.7 


a a zr 

90.6 


A ~flZ A A .,T. AXTJA 1 

Ag9o.9Au3.0Ni0. 1 


OCA 

85.9 


o o o 

88.8 


Ag95.5Au3.0Ni 1.5 


O/l A 

84.4 


o zr i 

86.1 


A ~TiA A A ..1 AXTJ T A 

Ag94.0Au3.0Ni3.0 


ot zr 

82.6 


84.5 


A A A OA A 1 A IA 1 

Ag99.8 AuO. 1 A10. 1 


AO A 

98.0 


98.6 


A AO A A ,.A 1 A 11 C 

Ag98.4AuO. 1 All .5 


97.9 


98.3 


A ,*AZT A A ..A 1 A IT A 

Ag96.9AuO. 1 A13 .0 


97.5 


98.0 


A JIO A A 1 C A 1A 1 

Ag98.4Aul .5 A10. 1 


AZ" A 

96.4 


97.5 


A ~A 1 A A .. 1 C A 11 C 

Ag97.0Aul.5All.5 


ACT 

95.2 


96.7 


A A C C A . . 1 C A 11 A 

Ag95.5Aul .5A13.0 


AT /I 

93.4 


95.8 


A AZT A A .1 A A 1A 1 

Ag96.9 Au3 .0 A10. 1 


90.8 


94.4 


A A CCA . T A A 11 C 

Ag95.5Au3.0All. 5 


88.4 


92.8 


A —A AAA 1 A A 1 T A 

Ag94.0Au3.0AI3.0 


85.9 


91.5 


Ag99.8AuOJNb0.1 


94.8 


95.1 


AoQS 4AnO INhl S 


QA *K 


QA 1 


Ag96.9Au0.1Nb3.0 


93.5 


94.1 


Ag98.4Aul.5Nb0.1 


92.1 


92.6 


Ag97.0Aul.5Nb 1.5 


90.5 


91.3 


Ag95.5Aul.5Nb3.0 


89.2 


90.1 


Ag96.9Au3.0Nb0.1 


86.4 


87.8 
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Ag95.5Au3.0Nbl.5 


84.3 


85.7 


Ag94.0Au3.0Nb3.0 


82.4 


84.5 


AgRuX Table 4 Continued 


Material composition ( wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ag98.0Ru2.0 


86.3 


91.2 


Ag97.0Ru3.0 


86.0 


91.3 


Ag99.8Ru0.1Cu0.1 


98.1 


98.8 


Ag99.4Ru0.5Cu0.1 


98.0 


98.6 


Ag98.1Ru0.9Cul.0 


97.6 


98.1 


Ag98.9Rul.0Cu0.1 


96.5 


97.5 


Ag97.9Ru2.0Cu0.1 


95.2 


96.8 


Ag96.9Ru3.0Cu0.1 


93.7 


96.0 


Ag96.5Ru3.0Cu0.5 


91.1 


94.7 


Ag94.0Ru3.0Cu3.0 


85.6 


91.7 


Ag99.8Ru0.1Ti0.1 


98.0 


98.4 


Ag99.4Ru0.5Ti0.1 


97.7 


98.2 


Ag98.1Ru0.9Ti 1.0 


97.2 


97.9 


Ag98.9Rul.0Ti0.1 


96.5 


97.5 


Ag97.9Ru2.0Ti0.1 


95.4 


97.1 


Ag96.9Ru3.0TiO,l 


93.8 


96.3 


Ag96.5Ru3.0Ti0.5 


92.1 


95.2 


Ag94.0Ru3.0Ti3.0 


86.4 


90.8 


Ag99.8Ru0.1Cr0.1 


94.6 


94.7 


Ag98.4Ru0.1Cr 1.5 


93.4 


92.6 


Ag96.9Ru0.1Cr3.0 


91.9 


92.4 


Ag98.4Rul.5Cr0.1 


90.5 


91.7 


Ag97.0Rul.5Cr 1.5 


88.2 


88.3 


Ag95.5Rul.5Cr3.0 


86.1 


86.6 


Ag96.9Ru3.0Cr0.1 


84.8 


84.2 


Ag95.5Ru3.0Crl. 5 


83.3 


83.8 


Ag94.0Ru3.0Cr3.0 


82.4 


82.6 


Ag99.8Ru0.1Ta0.1 


95.0 


95.3 


Ag98.4RuO.lTal. 5 


94.6 


95.0 


Ag96.9Ru0.1Ta3.0 


93.4 


94.1 


Ag98.4Rul.5Ta0.1 


91.8 


92.5 


Ag97.0Rul.5Tal.5 


90.4 


91.2 


Ag95.5Rul.5Ta3.0 


88.7 


89.9 


Ag96.9Ru3.0Ta0.1 


85.9 


87.6 
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Ag95.5Ru3.0Tal. 5 


O A C 

84.5 


OCA 

85.9 


A TV /I ATI.-'X AT_ A 

Ag94.0Ru3 .0Ta3 .0 


82.6 


O A "» 

84.2 


Ag99.8RuO. 1 MoO. 1 


94.7 


AC 1 

95.1 


A f \ Ct A TX f\ 1 X M 1 C 

Ag98.4Ru0.1Mol.5 


94.1 


94.7 


A f\ f iXTX t\ ■* X M *^ f\ 

Ag96.9RuO. 1 Mo3 .0 


93.3 


94.0 


A f\f\ A TX i r ~\ m r\ 1 

Ag98.4Rul.5Mo0.l 


92.2 


92.9 


A f\ /\ix 1 X M -t ^ 

Ag97.0Rul.5Mol. 5 


90.5 


91.5 


A f\ r C TX 1 C X M 1 /\ 

Ag95.5Rul.5Mo3.0 


89.9 


91.3 


A J\/ ATX 1 AX jf A 1 

Ag96.9Ru3.0Mo0. 1 


86.8 


88.6 


Ag95.5Ru3.0Mol. 5 


OA O 

84.8 


OZT 1 

86.3 


A ~f\A ATI 1 AX/(_1 A 

Ag94.0Ru3 .0Mo3 .0 


CX ZT 

82.6 


OA C 

84.5 


A f\f\ On A •% TVT • f\ ■% 

Ag99.8Ru0.1Ni0.1 


AZT T 

96.7 


97.2 


A —AO An A IXT'I C 

Ag98.4Ru0.1Nil.5 


AZT C 

96.5 


AZT A 

96.9 


A AZ" ATX A IXT'I A 

Ag96.9Ru0.1Ni3.0 


AZT 1 

96.1 


A/ T 

96.3 


A f\ O A TX 1 r\T"A 1 

Ag98.4Rul.5Ni0.l 


AC X 

95.3 


95.8 


A —AT ATX 1 r\T' 1 C 

Ag97.0Rul.5NiL5 


93.7 


94.7 


A —AC CTX 1 f \T'1 A 

Ag95.5Rul.5Ni3.0 


A 1 ■*> 

91.2 


93.3 


A —A ZT A TX "X AX T ' A 1 

Ag96.9Ru3.0Ni0.1 


00 >i 
88.4 


91.7 


a — f\ f rn "X ax t * 1 c 

Ag95.5Ru3.0Nil. 5 


85.0 


87.2 


A _Ajl ATX O A\T'1 A 

Ag94.0Ru3.0Ni3.0 


83.5 


85.6 


a ixix *xyx t\ -i a i/\ -i 

Ag99.8Ru0.1A10.1 


98.0 


98.4 


A ^A OjITX A1A11 C 

Ag98.4Ru0.lAll. 5 


97.9 


98.2 


A . A /" ATX A 1 A 11 A 

Ag96.9Ru0.1A13.0 


97.5 


98.1 


A AO /I IX 1 A 1 f\ 1 

Ag98.4Rul.5A10.1 


96.4 


97.5 


A -JX*? ATX 1 r A 1 1 C 

Ag97.0Rul.5All. 5 


95.2 


96.5 


A —A c ctx 1 C A 1 1 A 

Ag95.5Rul.5A13.0 


A-X A 

93.4 


95.8 


A ~AZ" ATX "X A A 1A 1 

Ag9o.9Ru3.0Al0.l 


90.8 


94.4 


A A C C TX . . ^ AA11 C 

Ag95.5Ru3.0A11.5 


OO A 

88.4 


92.7 


A ^-A A ATX,.1 A * 11 A 

Ag94.0Ru3.0A13.0 


Of A 

85.4 


91.5 


A A A OT1 A 1 tat ■_ /X -| 

Ag99.8Ku0.lNb0.l 


94.7 


95.2 


a ao a TX a i xrt_ 1 c 

Ag98.4Ru0.lNbl. 5 


94.3 


94.7 


A — AZT ATX A 1XTt_0 A 

Ag9o.9Ru0.1Nb3.0 


93.4 


94.1 


Agyo.4K.Ul.3lN DIM 


92.1 


92.5 


Ag97.0Rul.5Nbl. 5 


90.2 


91.3 


Ag95.5Rul.5Nb3.0 


88.1 


90.0 


Ag96.9Ru3.0Nb0.1 


85.2 


87.8 


Ag95.5Ru3.0Nbl. 5 


84.1 


85.7 


Ag94.0Ru3.0Nb3.0 


82.4 


84.5 
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[0067] Thus, it was revealed that the Ag-alloy layers of the present invention were 
very useful as reflectors or reflective wiring electrodes for reflection-type liquid crystal display 
devices. 

Example 3 

[0068] In this Example, the utility of the ternary Ag-alloy layer as infrared-ray or 
heat-ray reflecting layers for building glass was studied. Further, the adaptability of the ternary 
layer to a resin substrate under high t e mp e ratur e high-temperature and high humidity high- 
humidity conditions was studied. 

[0069] The tests on weather resistance under high t e mp e ratur e high-temperature and 
high humidity high-humidity conditions were carried out with regard to the ternary Ag-alloy 
layers, compared with binary Ag-alloy layers including Ag-Pd alloy layers, Ag-Au alloy layers 
and Ag-Ru alloy layers. The ternary Ag-alloy layers were deposited on all kinds of substrates 
(substrates made of non alkali nonalkali g lass, low-alkali glass, borosilicate glass, and quartz 
glass) by ternary simultaneous sputtering. The change of the Ag-alloy layers was examined over 
time in an atmosphere of 90 °C and 90 % humidity. 

[0070] The tests for weather resistance were carried out with regard to monolayers of 
the ternary reflecting layers and laminates of the base film and the ternary reflecting layer. For 
the monolayers, the ternary reflecting layer was directly deposited on the substrate. For the 
laminates, the base film^ such as_ITO, ZftQjZnO, ZnQa ZnO -Al?Ch composite oxide and SiC^ was 
deposited on the substrate and then the Ag-alloy reflecting layer was deposited on the base film. 
The difference between the monolayers and the laminates was also evaluated. 

[0071] The results showed that both the monolayers of the ternary reflecting layer and 
the laminates of the base film and the Ag-alloy reflecting layer have higher weather resistance 
than the monolayers of the binary reflecting layers. The ternary reflecting layers maintained heat 
resistance, reflection index, and weather resistance, independent of the base film. It was 
confirmed that the ternary reflecting layers of the present invention were more useful than the 
conventional binary reflecting layer as infrared-ray or heat-ray reflecting layers for building glass 
such as windowpanes (data not shown). 
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[0072] Widely used conventional reflecting layers made of Al, an Al alloy, Ag, an Ag- 
Pd alloy react with a resin substrate at the adhesive interface when kept under high temperature 
and high humidity conditions. The following tests were conducted on the chemical stability of 
the reflecting layers of the present invention against the resin substrates under high temperature 
and high humidity conditions. 

[0073] To confirm the chemical stability of the ternary reflecting layers of the present 
invention, the reflecting layers were deposited at a thickness of 15 nm on the resin layer of 
PMMA, PET, PC, silicone, and the like by ternary simultaneous sputtering. The layers were kept 
under high temperature and high humidity conditions for 24 hours. The change in appearance 
and reflection characteristics over time was examined. 



Table 5 



Material 
composition 

yvvl/o ) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ag98.0Pd2.0 


many black stains 


detachment occuredoccurred 


Ag97.0Pd3.0 


moderate black stains 


detachment occuredoccurred 


Ag99.8Pd0.1Cu0.1 


no change 


less color change 


Ag99.4Pd0.5Cu0.1 


no change 


no change 


Ag98.1Pd0.9Cul.O 


no change 


no change 


Ag98.9Pdl.0Cu0.1 


no change 


no change 


Ag97.9Pd2.0Cu0.1 


no change 


no change 


Ag96.9Pd3,0Cu0.1 


no change 


no change 


Ag96.5Pd3.0Cu0.5 


no change 


no change 


Ag94.0Pd3.0Cu3.0 


no change 


no change 


Ag99.4Pd0.1Ti0.1 


no change 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


no change 


Ag98.1Pd0.9Til.O 


no change 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


no change 


Ag97.9Pd2.0Ti0.1 


no change 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


no change 


Ag96.5Pd3.0Ti0.5 


no change 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


no change 


Ag99.8Pd0.1Au(U 


no change 


no change 


Ag98.4Pd0.1Au 1.5 


no change 


no change 
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Ag96.9PdO. 1 Au3.0 


no change 


no change 


A ~A O AT* J 1 C A ..A 1 

Ag98.4Pdl.5Au0.1 


no change 


no change 


a m ah J 1 c a 1 c 

Ag97.0Pdl .5Aul.5 


no change 


no change 


a *nc rn J 1 c a ..i a 

Ag95.5Pdl.5Au3.0 


no change 


no change 


A ^AZT ATI J1 A A - A 1 

Ag96.9Pd3.0Au0. 1 


no change 


no change 


A ~A C cr»J1 AA..1 c 

Ag95.5rd3.0Aul .5 


no change 


no change 


A ~A A A A -.1 A 

Ag94.0Pd3.0Au3.0 


no change 


no change 


Ag99.ora0.1Cr0.1 


no change 


no change 


Ag98 .4PdO. 1 Cr 1 , 5 


no change 


no change 


Ag9o.9PdO. 1 Cri .0 


no change 


no change 


Ag9o.4rdl.5CrU. 1 


no change 


no change 


A ™AT An J 1 C 

Ag97.0rdl.5Crl. 5 


no change 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


no change 


Ag96.9Pd3.0Cr0.1 


no change 


no change 


A _AC f FIJI A/^_1 C 

Ag95.5Pd3.0Crl. 5 


_ i 

no change 


no change 


A ~JC\ A AT)J1 A/^_T A 

Ag94.0Pd3 .0Cr3 .0 


no change 


no change 


Ag99.8Pd0.1Ta0.1 


no change 


no change 


A ^A O /ITIJA 1 T"— 1 C 

Ag98.4Pd0.1 lal.5 


no change 


no change 


A ,~A^ AT1JA A 

Ag96.9Pd0.1 la3.0 


_ i 

no change 


no change 


A ^A O ATlAI C T^. A 1 

Ag98.4Pdl.5 laO.l 


no change 


no change 


A ~AT AnJI C T 1 C 

Ag97.0Pdl.5Tal, 5 


no change 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


no change 


A A ZT An AT.A 1 

Ag9 6 . 9Pd3 . 01 a0 . 1 


no change 


no change 


A ^AC f n J1 AT 1 — 1 C 

Ag95.5Pd3.0ial.5 


no change 


no change 


Ag94.0Pd3 .0 1 a3 .0 


no change 


no change 


A „AA Of>JA 1 !V /I ~ A t 

Ag99.8Pd0.1 MoO. 1 


no change 


no change 


Agyo.4rdU. 1 MO 1.5 


no change 


no change 


Ag9 o . 9 r d0 . 1 Moi . 0 


no change 


no change 


Ag9o.4Pdl.5MoO. 1 


no change 


no change 


a An j 1 ctv /f ^ 1 c 

Ag97.0Pdl.5Mo 1.5 


no change 


no change 


A AC CnJ 1 C\ A ^ "} A 

Ag95.5Pd 1 .5Mo3 .0 


no change 


no change 


Ag9o.9Pd3.0Mo0. 1 


no change 


no change 


Ag95 . 5 Pd3 ,0Mo 1 . 5 


no change 


no change 


A ~A A AT1J1 AHjT^I A 

Ag94.0Pd3 .0Mo3 .0 


no change 


no change 


* AO An JA 1 TVT * A 1 

Ag98;4Pd0.1Ni0.1 


no change 


no change 


AffQR 4PriO INil S 


nA r* Vi ci n at* 
111/ dlCLllgC 


no endnge 


Ag96.9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ag97.0Pdl.5Ni 1.5 


no change 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


no change 
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Ag95.5Pd3.0Nil. 5 


no change 


no change 


A C\ A An J1 /\VT*"> t\ 

Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99.8Pd0.1A10.1 


no change 


no change 


A __AO /( n J A 1 A It /T 

Ag98.4Pd0.1A11.5 


no change 


no change 


A A AT*k JA 1 A 1 ^ A 

Ag96.9Pd0.1A13.0 


no change 


no change 


A A O A T» 11 f A t A -1 

Ag98.4Pdl.5A10.1 


no change 


no change 


Ag97.0Pdl.5All. 5 


no change 


no change 


Ag95.5Pdl.5A13.0 


no change 


no change 


Ag96.9Pd3.0A10.1 


no change 


no change 


a a f e* r» 1 ^ a a 1 1 

Ag95.5Pd3.0All. 5 


no change 


no change 


A f\ A f\T\ J A A 1 /\ 

Ag94.0Pd3.0A13.0 


no change 


no change 


Ag99.8Pd0.1Nb0.1 


no change 


no change 


Ag98.4Pd0.1Nb 1.5 


no change 


no change 


Ag96.9Pd0.lNb3.0 


no change 


no change 


A _ AO ATX J\\ r" X T1 f\ 1 

Ag98.4Pdl.5Nb0.1 


no change 


no change 


a r\ *r at\ J -i r\ n i r 

Ag97.0Pdl.5Nb 1.5 


no change 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


no change 


A A f AT* I'l A\ T1 A 1 

Ag96.9Pd3.0Nb0.l 


no change 


no change 


Ag95.5Pd3.0Nbl. 5 


no change 


no change 


A A J a y* 1 A*V T1 A 

Ag94.0Pd3.0Nb3.0 


no change 


no change 


Ag99.8Ru0.1Au0.1 


no change 


no change 


Ag98.4Ru0.1Au 1.5 


no change 


no change 


Ag96.9Ru0.1Au3.0 


no change 


no change 


A A O jl IN 1 ^ A A 1 

Ag98.4Rul.5Au0.l 


no change 


no change 


Ag97.0Rul.5Aul. 5 


no change 


no change 


Ag95.5Rul.5Au3.0 


no change 


no change 


A f\ y AT"* ^ A A /\ 1 

Ag96.9Ru3.0Au0.1 


no change 


no change 


A f f" T» 1 A. A 1 ^ 

Ag95.5Ru3.0Aul. 5 


no change 


no change 


Ag94.0Ru3.0Au3.0 


no change 


no change 


A A. A An -1 A 4 /V -4 

Ag99.8Pd0.1Ru0.1 


no change 


no change 


A AO jl T* 1 A 1 T^fc 1 f 

Ag98.4PdO.lRul. 5 


no change 


no change 


A A. f t\T\ J A 1 T"» *\ A 

Ag96.9Pd0.lRu3.0 


no change 


no change 


Agyo.4rdl.DKuU. 1 


no change 


no change 


Ag97.0Pdl.5Rul.5 


no change 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


no change 


Ag95.5Pd3.0Rul.5 


no change 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


no change 
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AgAuX Table 5 Continued 



Material composition 
( wt%) 


Results of high temperature and high humidity tests 


Change in chemical characteristics 
(decrease in reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


A0Q8 OAn? 0 
n.g7o.un.UZ.u 


many black stains 


detachment occuredoccurred 


AoQ7 OAnl 0 


moderate black stains 


detachment occuredoccurred 


Ap99 8AuO ICuO 1 


no change 


no change 


Ae99 4AuO 5CuO 1 


no change 


no change 


Ae98 lAuO 9Cul 0 


no change 


no change 


Ae98 9Aul OCuO 1 


no change 


no change 


Ae97 9Au2 OCuO 1 


no change 


no change 


Ae96 9Au3 OCuO 1 


no change 


no change 


Ae96 5Au3 OCuO 5 


no change 


no change 


Ae94 0Au3 0Cu3 0 


no change 


no change 


Ae99 8AuO ITiO 1 


no change 


no change 


Ae99 4Au0 5TiO 1 


no change 


no change 


Ae98 lAuO 9Til 0 

/ \.fa i y KJ • A 2 \- « 111 iV 


no change 


no change 


Ae98 9Aul OTiO 1 


no change 


no change 


Ae97 9Au2 OTiO 1 


no change 


no change 


Ae96 9Au3 OTiO 1 


no change 


no change 


Ae96 5Au3 OTiO 5 


no change 


no change 


Ae94 0Au3 0Ti3 0 


no change 


no change 


Ap99 8AuO lCrO 1 


no change 


no change 


Ae98 4AuO ICrl 5 


no change 


no change 


Ae96 9AuO !Cr3 0 


no change 


no change 


Ae98 4Aul 5CrO 1 


no change 


no change 


As97 OAul 5Crl 5 


no change 


no change 


Ae95 5Aul 5Cr3 0 


no change 


no change 


Ae96 9Au3 OCrO 1 


no change 


no change 


Ae95 5Au3 OCrl 5 


no change 


no change 


Ag94.0Au3.0Cr3.0 


no change 


no change 


Ag99.8Au0.1Ta0.1 


no change 


no change 


Ag98.4Au0.1Tal.5 


no change 


no change 


Ag96.9Au0.1Ta3.0 


no change 


no change 


Ag98.6Aul.5Ta0.1 


no change 


no change 


Ag97.0Aul.5Tal. 5 


no change 


no change 


Ag95.5Aul.5Ta3.0 


no change 


no change 


Ag96.9Au3.0Ta0.1 


no change 


no change 
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Ag95.5Au3.0 lal .5 


no change 


no change 


Agy4.UAui.U lai.U 


no change 


no change 


Ag9V,oAu0.11Vlo0.1 


no change 


no change 


Agy 8.4AUU. 1 Mo 1 .> 


no change 


no change 


Agyo.yAuu. 1 M03.U 


no change 


no change 


AgVo.4Aul .5MoU. 1 


no change 


no change 


Agy /.UAUl .MVlOl.j 


no change 


no change 


A_Ar c a„i CTVyf^l A 


no change 


no change 


Agyo.yAu3.UMoU. 1 


no change 


no change 


Agy!>.5Au3.UMoL5 


no change 


no change 


A ~A A A A ..*3 AAvf^.1 A 

Agy4.U Au3 .UMo3 .U 


no change 


no change 


A O A -.A "1 TVT!A "1 

Ag99.8Au0.1INi0.1 


no change 


no change 


Agy o.4AuO. 1 N 1 1 . 5 


no change 


no change 


A nA/C A A ».A 1 XK1 A 

Agyo.yAu0.1Ni3.0 


no change 


no change 


A „HO A A »,1 CXKA 1 

Agyo.4Aul.5Ni0.1 


no change 


no change 


A «fn AA.,1 CXK 1 C 

Agy7.0Aul.5Nil.:> 


no change 


no change 


AgyroAul .5Ni3.U 


no change 


no change 


A ^f\/C A A ..I AX'NA 1 

Agyo.yAu3.UNiU.l 


no change 


no change 


ArtflC f a„1 AXT; 1 C 

Agy ;> . ;> Au3 . 0 JN 1 1 . 5 


no change 


no change 


Agy4.UAu3. UNi3.U 


no change 


no change 


A „AA O A ..A 1 A IA 1 

Agyy.oAuO.lAlO.l 


no change 


no change 


A„AO /1A»iA 1 A11 C 

AgV o.4AuU. 1 All.j 


no change 


no change 


A nfl/C A AnA 1 AIT A 

Agyo.yAuU. 1 A13.U 


no change 


no change 


Agyo.4AU 1 .DAIU. 1 


no change 


no change 


AnOT AA,,1 C A 11 C 

Agy /.U All I. D Ail.!) 


no change 


no change 


A nCS C C A , , 1 C All A 

Agy;OAul .5A13.U 


no change 


no change 


A r>0/^ A A ^1 AA1A 1 

Agyo.yAu3 .UA1U. 1 


no change 


no change 


As>AC CA^l AA11 C 

Agyo.oAu3.UA11.5 


no change 


no change 


A AA,,1 A All A 

Agy4.UAu3.UA13.U 


no change 


no change 


A «AA O A ..A 1 XTU. A 1 

Agyy.oAuU.iiN bo.i 


no change 


no change 


A r^C\0 /t A .,A 1 \TU 1 C 

Agyo.4AuU.lNbl. 5 


no change 


no change 


A ftA/C A A ..A 1 XTUT A 

Agy o.y AuU. 1 N b3 .0 


no change 


no change 




no change 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


no change 


Ag95.5Aul.5Nb3.0 


no change 


no change 


Ag96.9Au3.0Nb0.1 


no change 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


no change 


Ag94.0Au3.0Nb3.0 


no change 


no change 
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AgRuX Table 5 Continued 



Material composition 


Results of high temperature and high humidity tests 


Change in chemical characteristics 
(decrease in reflection index) 


Visual change to a dull white 
color, detachment from the 
substrate 


Ag98.0Ru2.0 


many black stains 


detachment occuredoccurred 


Ag97.0Ru3.0 


moderate black stains 


detachment occuredoccurred 


Ag99.8Ru0.1Cu0.1 


no change 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


no change 


A _AO in A A/"*' 1 A 

Ag98.lRu0.9Cul.O 


no change 


no change 


a _r\o An 1 a /""^ a 1 

Ag98.9Rul.0Cu0.l 


no change 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


no change 


Ag96.5Ru3.0Cu0.5 


no change 


no change 


Ag94.0Ru3.0Cu3.0 


no change 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


no change 


Ag98.1Ru0.9Til.O 


no change 


no change 


Ag98.9Rul.0Ti0.1 


no change 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


no change 


Ag96.5Ru3.OTiO. 5 


no change 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


no change 


Ag99.8Ru0.1Cr0.1 


no change 


no change 


A A A >l T"» /\ 1 1 

Ag98.4RuO.lCrl. 5 


no change 


no change 


A An A 1 1 A 

Ag96.9Ru0.1Cr3.0 


no change 


no change 


Ag98.4Rul.5Cr0.1 


no change 


no change 


A _A "7 ATI 1 C /"""< 1 r- 

Ag97.0Rul.5Crl. 5 


no change 


no change 


Ag95.5Rul.5Cr3.0 


no change 


no change 


Ag96.9Ru3.0Cr0.1 


no change 


no change 


Ag95.5Ru3.0Crl. 5 


no change 


no change 


Ag94.0Ru3.0Cr3.0 


no change 


no change 


Ag99.8Ru0.lTa0.l 


no change 


no change 


A oQR ARnfi I Tq 1 ^ 
rvgyo.'fixUl/. 1 lal.j 


no change 


no change 


Ag96.9Ru0.1Ta3.0 


no change 


no change 


Ag98.4Rul.5Ta0.1 


no change 


no change 


Ag97.0Rul.5Tal.5 


no change 


no change 


Ag95.5Rul.5Ta3.0 


no change 


no change 


Ag96.9Ru3.0Ta0.1 


no change 


no change 


Ag95.5Ru3.0Tal.5 


no change 


no change 



41 



ft' 




A - A A A T~\ *) ATT— o a 

Ag94.0Ru3.0Ta3.0 


no change 


no change 


A _ A A OT1 A 1 \ / ^.A 1 

Ag99.8RuO. 1 MoO. 1 


no change 


no change 


Ag98.4Ru0.lMol.5 


no change 


no change 


A A /I AT* A 1 \ / ~> A 

Ag96.9Ru0.1Mo3.0 


no change 


no change 


A —A O A T1 1 Cfc jf A 1 

Ag98.4Rul.5Mo0.l 


no change 


no change 


A _ A ^ AT"! 1 f \ MAC 

Ag97.0Rul.5Mol. 5 


no change 


no change 


Ag95.5Rul.5Mo3.0 


no change 


no change 


Ag96.9Ru3.0Mo0.1 


no change 


no change 


Ag95.5Ru3.0Mol. 5 


no change 


no change 


Ag94.0Ru3.0Mo3.0 


no change 


no change 


Ag99.8Ru0.1Ni0.1 


no change 


no change 


a no >in..A i \ r i c 

Ag98.4RuO.lNil. 5 


no change 


no change 


A —A /T AFi . . A ixr'l a 

Ag96.9Ru0.1Ni3.0 


no change 


no change 


A —A O j<T»..1 CXTJA 1 

Ag98.4Rul.5Ni0.1 


no change 


no change 


a AT AT1..1 c\t: 1 C 

Ag97.0Rul.5Nil. 5 


no change 


no change 


Ag95.5Rul.5Ni3.0 


no change 


no change 


A __A /■ f\n 1 AX T " A 1 

Ag96.9Ru3.0Ni0.1 


no change 


no change 


Ag95.5Ru3.0Nil. 5 


no change 


no change 


A f\ A AT"» A\ T • ^ /\ 

Ag94.0Ru3.0Ni3.0 


no change 


no change 


Ag99.8Ru0.1Al0.1 


no change 


no change 


A —A O /in A1A11 C 

Ag98.4Ru0.1A11.5 


no change 


no change 


A _A /T AT> A 1 A IT A 

Ag96.9Ru0.1A13.0 


no change 


no change 


A ~A O >4 T> 1 ^ A 1A 1 

Ag98.4Rul.5A10.1 


no change 


no change 


A AT* 1 ^ A 1 1 r~ 

Ag97.0Rul.5All. 5 


no change 


no change 


Ag95.5Rul.5A13.0 


no change 


no change 


a r\ s~ at* a a i a 1 

Ag96.9Ru3.0Al0.l 


no change 


no change 


A A £" f n T A A 1 1 ^ 

Ag95.5Ru3.0All. 5 


no change 


no change 


A —A A AH O A A 1 1 A 

Ag94.0Ru3.0A13.0 


no change 


no change 


A A A OT1..A 1 1VTL.A 1 

Ag99.8Ru0.1Nb0.1 


no change 


no change 


a ao /in. .a 1 xru 1 c 

Ag98.4Ru0.1Nb 1.5 


no change 


no change 


A A r AT>..A 1XTL1 A 

Ag96.9Ru0.1Nb3.0 


no change 


no change 


ArrQC iiPni ^xn-*n 1 

Agy o .4KU 1 . o IN OU. 1 


no change 


no change 


Ag97.0Rul.5Nbl. 5 


no change 


no change 


Ag95.5Rul.5Nb3.0 


no change 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


no change 


Ag95.5Ru3.0Nbl. 5 


no change 


no change 


Ag94.0Ru3.0Nb3.0 


no change 


no change 



[0074] As shown in Table 5, no change was observed with the ternary Ag- alloy 
reflecting layers after 24 hours. When the reflection index of the ternary reflecting layer on the 




various resin substrates was measured by a spectrophotometer, no decrease in reflection index 
was observed at the optical wavelength of 565 nm, which is useful for reflection-type liquid 
crystal display devices, and in the optical wavelength regions from 400 nm to 4 /xm, which is 
required for building glass (data not shown). 

[0075] The ternary reflecting layers of the present invention proved to have high 
chemical stability against resin and to ba^e^ not be limited to a particular substrate material 
unlike conventional layers. 

Example 4 

[0076] Adhesion between the ternary reflecting layers of the present invention and 
various substrates and the effect of the base film, which was placed between the reflecting layer 
and the substrate, on the adhesion were examined. 

[0077] Firstly, the reflecting layers were deposited directly on the substrates of 
PMMA, PET, PC, silicone, acrylic resin, non-alkali glass, low-alkali glass, borosilicate glass, and 
quartz glass by RF sputtering to form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The detachment of the reflecting layer from 
the substrate when the tape was stripped ef-at given tension was observed. In addion addition , the 
laminate was diced with a cutter and dipped in pure water in a beaker. Ultrasonic waves were 
applied to the pure water. The frequency of the ultrasonic waves was 50KHz and the electric 
power was 100W. After the application of the ultrasonic waves, detachment of the reflecting 
layer was observed under a-an x40 microscope and the necessity of the base film was examined. 

[0078] No detachment was observed with PMMA, PET, PC, silicone, and acrylic 
resin. The reflecting layer of the present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al alloy, Ag, or Ag alloy. 

[0079] On the other hand, partially or extensive detachment was observed with non- 
alkali glass, low-alkali glass, borosilicate glass, and quartz glass. The reflecting layer of the 
present invention had poor adhesion to the glass substrates although the degree of detachment is 
different in cases (data not shown). 

[0080] Secondarily, to improve adhesion of the reflecting layer to the glass substrate 
or to attain high reflecting performance without impairing the reflection index of the reflecting 
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layer, the base film of Si, Ta, Ti, Mo, Cr, Al, ITO, ZnQ aZnO, Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , 
Sn0 2 , Nb 2 Os, or MgO was applied to the substrates of PMMA, PET, PC, silicone, acrylic resin, 
non-alkali glass, low-alkali glass, borosilicate glass, and quartz glass by RF sputtering. Then the 
ternary reflecting layer of the present invention was deposited on the base film by RF sputtering 
to form a laminate. A strip of JIS cellophane tape was attached to the uppermost layer. The 
detachment of the reflecting layer from the substrate when the tape was stripped of at given 
tension was observed as described above. In addition, the laminate was diced with a cutter and 
dipped in pure water in a beaker. Ultrasonic waves were applied to the pure water. The 
frequency of the ultrasonic waves was 50KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the reflecting layer was observed under a-an 
x40 microscope and the effect of the base film was examined. 

[0081] As shown in Table 6, when the base film was used, no detachment was 
observed whether the reflecting layer was pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a spectrophotometer. Table 7 showed that not 
only the adhesion but also the reflection index were improved when a specific base film (Ti0 2 - 
Nb 2 0 5 ) was used. 



Table 6 



Material 
of base film 


Detachment tests 


5 min 


10 min 


15 min 


20 min 


In20 3 


no detachment 


no detachment 


no detachment 


no detachment 


Sn0 2 


no detachment 


no detachment 


no detachment 


no detachment 


Nb 2 0 5 


no detachment 


no detachment 


no detachment 


no detachment 


MgO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZftOoZnO 


no detachment 


no detachment 


no detachment 


no detachment 


Si0 2 


no detachment 


no detachment 


no detachment 


no detachment 


Ti0 2 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 2 0 5 


no detachment 


no detachment 


no detachment 


no detachment 


Zr0 2 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 
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Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 



Table 7 



Material 


wavelength 


wavelength 


wavelength 


wavelength 


wavelength 




400.00 


450.00 


500.00 


550.00 


565.00 




nm 


nm 


nm 


nm 


nm 




reflection 


reflection 


reflection 


reflection 


reflection 




index (%) 


index (%) 


index (%) 


index (%) 


index (%) 


pure Ag 


94.80 


96.60 


97.70 


97.90 


98.00 


AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 


AgPdCu 


91.50 


92.40 


93.60 


94.10 


93.36 


AgPdTi 


88.90 


90.59 


91.62 


91.81 


91.90 


AePdCr 


88.40 


90.08 


91.11 


91.29 


91.38 


AgPdTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AePdMo 


88.00 


89.67 


90.69 


90.88 


90.97 


/\gr UIN 1 


rr ?n 

oo.ZU 


RQ 77 


on RQ 


Qfl QR 


Q1 1 7 
yi.il 


AgPdAl 


88.90 


90.49 


91.61 


91.70 


91.79 


AgPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


AgAu 


92.80 


94.56 


95.64 


95.83 


95.93 


AgAuCu 


92.46 


94.22 


95.29 


95.48 


95.58 


AgAuTi 


88.44 


90.12 


91.15 


91.33 


91.43 


AgAuCr 


88.56 


90.24 


91.27 


91.46 


91.55 


Ac* AnTa 

AtA LI 1 d 


88 30 


89 98 


91 00 


91 19 

7 1.17 




AgAuNi 


QQ f\f\ 

oo. UU 


on (in 

oy.o/ 


yu.&y 


yu.oo 


AA (\H 

90.97 


AgAuMo 


88.10 


89.77 


90.80 


90.98 


91.07 


AgAuPd 


89.00 


90.69 


91.72 


91.91 


92.00 


A A A 1 

AeAuAl 


88.70 


90.39 


91.41 


91.60 


91.69 


AgAuNb 


88.60 


90.28 


91.31 


91.50 


91.59 


AgRu 


89.00 


90.69 


91.72 


91.91 


92.00 


AgRuCu 


88.45 


90.13 


91.16 


91.34 


91.44 


AgRuTi 


88.34 


90.02 


91.04 


91.23 


91.32 


AgRuCr 


88.76 


90.45 


91.48 


91.66 


91.76 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91.33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 



[0082J Particularly, the base films of Ti0 2> Ta 2 0 5 , Zr0 2) ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and Mg 
had high refraction indices and low absorptivities, as represented by In 2 03-Nb 2 0s in Table 8. 
Changes in optical characteristics based on the refraction index were prevented in these films. 



Table 8 





ln 2 0 3 - 
15 wt%Nb 2 0 5 


ln 2 0 3 - 
12.5 
wt%Nb 2 O s 


ln 2 0 3 - 
10 wt%Nb 2 0 5 


ln 2 0 3 - 
7.5 
wt%Nb 2 0 5 


ln 2 0 3 - 
5 wt%Nb 2 O s 




refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


400 


2.34 


2.32 


2.34 


2.30 


2.34 


450 


2.26 


2.25 


2.26 


2.23 


2.26 


500 


2.22 


2.21 


2.21 


2.18 


2.20 


550 


2.19 


2.18 


2.18 


2.16 


2.17 


560 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

[0083] The effect of a coating layer on the heat resistance and reflection index of the 
reflecting layer was examined. On the conventional Ag reflecting layers (pure Ag or binary Ag 
alloy) or the ternary reflecting layers of the present invention, a coating layer that includes L12O3 
as a main component and at least one of SnC>2, M^Os, SiC>2, MgO and Ta20s was deposited to 
form a laminate. The laminate was annealed at the-atemperature of 250°C, which is the 
temperature applied to the substrate during the manufacturing process of the liquid crystal display 
device. 

[0084] Without a coating layer, the optical absorptivity of the reflecting layer 
increased after annealing, which led to deterioration of the layer, as shown in Table 9. The 
experimental data of optical absorptivity when the coating layer was used for heat resistance 
were shown in Tables 10 to 12. 



Table 9 



without a coating layer 



Material 


anneal 


as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


nnrp Act 


5.2 


3.6 


2.8 


2.8 


1.9 


5 


3.2 


2.1 


2.6 


1.8 


Agra 


6.4 


5.5 


6.3 


5.5 


5.1 


6.0 


5.2 


6.1 


5.4 


5.0 




6.6 


5.7 


6.5 


5.8 


5.5 


6.5 


5.6 


6.2 


5.7 


5.1 




6.9 


5.9 


6.6 


5.7 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 




6.8 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.5 


5.0 


A aPHTa 


6.6 


5.8 


6.6 


5.8 


5.3 


6.4 


5.5 


6.3 


5.6 


5.0 


r^Ffl LJ.1V1VJ 


6.8 


6.9 


6.4 


5.5 


5.5 


6.6 


6.7 


6.3 


5.5 


5.2 


AgPdNi 


6.7 


5.7 


6.2 


5.5 


5.4 


6.4 


5.7 


5.9 


5.5 


5.1 


AaPHAl 


6.6 


6.6 


6.4 


5.5 


5.2 


6.5 


6.5 


6.2 


5.5 


5.1 


/i. fcl Lil > L/ 


6.7 


5.8 


6.3 


5.7 


5.1 


6.5 


5.7 


6.3 


5.4 


4.9 


A oAn 


6.3 


5.3 


6.2 


5.3 


5.0 


6.0 


5.1 


6.0 


5.2 


5.0 


A cr AnPn 


7.4 


6.7 


7.2 


6.2 


6.2 


7.1 


6.5 


7.0 


6.1 


6.0 


A o A 1 1 Ti 


6.6 


5.8 


6.4 


5.7 


5.3 


6.4 


5.2 


6.3 


5.6 


5.2 




6.8 


5.9 


6.6 


5.8 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


A cr A 1 1 TTji 

AJ^A Li 1 a 


6.9 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.6 


5.2 


A o A 11^1 


6.8 


5.9 


6.3 


5.7 


5.4 


6.5 


5.8 


6.1 


5.6 


5.2 


A cr A nlVAr* 


6.7 


6.8 


6.4 


5.6 


5.4 


6.6 


6.7 


6.3 


5.5 


5.2 


AcrAnPH 

/if^ri Li I LI 


7.5 


6.3 


7.5 


6.3 


6.2 


7.1 


6.1 


7.0 


6.2 


6.0 


A cr A ii A 1 


6.7 


6.7 


6.5 


5.6 


5.4 


6.6 


6.5 


6.3 


5.5 


5.2 


A cr A nMV* 


6.8 


5.9 


6.4 


5.7 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRu 


6.3 


5.4 


6.2 


5.3 


5.2 


6.1 


5.1 


6.0 


5.3 


5.1 


AgRuCu 


6.8 


5.9 


6.4 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5.6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5.7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6.5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


6.6 


7.5 


6.3 


6.3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6.8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6.6 


6.6 


6.2 


5.4 


5.2 


AgRuAl 


6.8 


6.9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6.8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 
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Table 10 



SiQ 2 /Ag alloy 



Material 


Si0 2 anneal 


S\0 2 as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%)cj 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure Ag 


26.5 


11.65 


4.92 


4.72 


5.02 


34.5 


16.64 


5.81 


5.71 


5.05 


AgPd 


26.8 


12.59 


5.68 


5.23 


6.96 


27.8 


14.59 


8.68 


6.23 


8.98 


AgrdCu 


27.09 


13.06 


8.94 


6.77 


6.28 


35.8 


18.64 


11.91 


8.74 


8.05 


AgPdTi 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8.76 


8.00 


AgPdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8.75 


8.04 


AgPdTa 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8.54 


8.02 


AgPdMo 


36.4 


18.57 


11.15 


8.41 


7,21 


36.5 


18.67 


11.59 


8.45 


7.25 


AgPdNi 


35.78 


18.21 


11.07 


8.29 


7.37 


36.29 


18.55 


10.94 


8.25 


7.11 


AgPdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8.42 


7.76 


AgPdNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7.1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


11.25 


8.25 


7.36 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


11.80 


8.73 


8.00 


AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8.04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 


11.55 


8.54 


8.00 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


36.4 


18.66 


11.20 


8.41 


7.25 


AgAuMo 


36.0 


18.35 


11.58 


8.50 


7.58 


36.8 


17.65 


11.84 


8.73 


8.00 


AgAuPd 


36.3 


18.58 


11.14 


8.41 


7.21 


37.0 


18.61 


10.21 


8.74 


8.02 


AgAuAl 


36.1 


18.24 


11.05 


8.45 


7.85 


36.7 


18.51 


11.52 


8.56 


8.00 


AgAuNb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


11.21 


8.41 


7.24 


AgRu 


26.5 


12.45 


5.55 


5.25 


7.96 


27.7 


14.59 


8.75 


6.35 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


11.81 


8.73 


7.56 


AgRuTi 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18.64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36.1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36.4 


18.65 


11.21 


8.42 


7.52 


AgRuNi 


36.1 


18.35 


11.33 


8.50 


7.58 


36.9 


17.64 


11.84 


8.71 


8.01 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18.60 


10.22 


8.72 


8.02 


AgRuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8.51 


7.96 


AgRuAl 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8.42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8.85 


8.12 
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Table 11 



In 2 03-15Nb 2 05/Ag alloy 



Material 


Hi-R anneal 


Hi-R as-depo 


wave- 
length 
400 nm 

~ V/ V/ 111 11 


wave- 
length 
450 nm 


wave- 
length 
500 nm 

J \J\J 111 1 ■ 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 

J \J\J 11111 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%cj 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure /\g 


13.27 


3.48 


2.57 


2.35 


2.25 


19.84 


7.03 


3.21 


4.28 


4.24 


AgPd 


15.77 


5.34 


3.93 


3.90 


3.802 


22.15 


8.83 


4.57 


5.80 


5.78 


AgPdCu 


16.57 


6.24 


4.67 


4.68 


4.49 


22.89 


9.69 


5.30 


6.56 


6.43 


AgPdTi 


19.17 


9.16 


7.64 


7.65 


7.47 


25.29 


12.51 


8.25 


9.47 


9.35 


AgPdCr 


19.67 


9.72 


8.21 


8.22 


8.04 


25.75 


13.05 


8.82 


10.03 


9.91 


AgPdTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgPdMo 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgPdNi 


19.85 


10.07 


8.42 


8.47 


8.31 


26.01 


13.37 


9.01 


10.33 


10.22 


AgPdAl 


19.16 


9.3 


7.63 


7.75 


7.49 


25.36 


12.63 


8.36 


9.56 


9.34 


AgPdNb 


19.25 


9.38 


7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


AgAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8.28 


3.82 


5.10 


4.98 


AgAuCu 


15.61 


5.16 


3.57 


3.58 


3.39 


22.00 


8.65 


4.21 


5.48 


5.36 


A ri A ii 1 i 
l\^/\W 1 1 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


A a AnPr 


19.51 


9.54 


8.03 


8.04 


7.86 


25.61 


12.88 


8.64 


9.85 


9.73 


A ft A 1 1 Tci 
/\£/\U la 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


A cr A 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


A rr A i i 


19.97 


10.06 


8.56 


8.56 


8.38 


26.03 


13.37 


9.16 


10.37 


10.25 


A oAnPr! 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


A rr A ii A 1 


19.37 


9.39 


7.87 


7.88 


7.70 


25.48 


12.72 


8.48 


9.70 


9.58 


A a A nMT** 
/v^/AUlN U 


19.47 


9.50 


7.98 


7.99 


7.81 


25.57 


12.83 


8.59 


9.81 


9.69 


AgKu 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgKuCu 


19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9.86 




19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10.40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9.08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9.27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13.50 


9.30 


10.50 


10.38 
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Table 12 

ITO/Ag alloy 



Material 


ITO anneal 


ITO as-depo 


wave- 

1 £±r\ crtrt 
ICIlglll 

400 nm 


wave- 
length 
450 nm 


wave- 
icngm 
500 nm 


wave- 

1 £±t\ rrt ri 
ICIlgLll 

550 nm 


wave- 
length 
565 nm 


wave- 

lcM"! rr+n 

400 nm 


wave- 

1 c^x\ rrt m 
iCIlglll 

450 nm 


wave- 
500 nm 


wave- 
length 
550 nm 


wave- 
icngin 
565 nm 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

/o/ \ 

(%) 


pure Ag 


1 ? ?A 
1 J. JO 


A 87 
4.0 / 


1 fi'X 
J.OJ 


A (.A 
4.04 


1 87 
1 .5/ 


1 Q fK 


A 77 


1 77 
I.// 


1 .J I 




/\gra 


18.06 


7.69 


6.49 


7.47 


4.73 


21.55 


7.23 


4.81 


4.57 


7.95 


AgPdCu 


18.86 


8.59 


7.40 


8.37 


5.66 


22.35 


8.18 


5.78 


5.54 


8.89 


AgPdTi 


21.46 


11.52 


10.37 


11.31 


8.68 


24.95 


11.26 


8.94 


8.71 


11.94 


AgPdCr 


21.96 


12.09 


10.94 


11.87 


9.27 


25.45 


11.85 


9.54 


9.31 


12.53 


AgPdTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgPdMo 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgPdNi 


22.14 


12.42 


11.15 


12.11 


9.54 


25.74 


12.21 


9.77 


9.65 


12.86 


AgPdAl 


21.45 


11.66 


10.37 


11.4 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgPdNb 


21.54 


11.75 


10.46 


11.53 


8.82 


25.14 


11.52 


9.19 


8.92 


12.14 


AgAu 


17.56 


7.13 


5.92 


6.90 


4.15 


21.05 


6.64 


4.20 


3.96 


7.36 


AgAuCu 


17.90 


7.51 


6.30 


7.29 


4.54 


21.39 


7.04 


4.61 


4.37 


7.76 


AgAuTi 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgAuCr 


21.80 


11.91 


10.76 


11.69 


9.08 


25.29 


11.66 


9.35 


9.12 


12.34 


AgAuTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgAuNi 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgAuMo 


22.26 


12.43 


11.28 


12.21 


9.62 


25.75 


12.20 


9.91 


9.68 


12.88 


AgAuPd 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgAuAl 


21.66 


11.75 


10.60 


11.53 


8.92 


25.15 


11.49 


9.18 


8.95 


12.18 


AgAuNb 


21.76 


11.86 


10.71 


11.65 


9.03 


25.25 


11.61 


9.30 


9.07 


12.30 


AgRu 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgRuCu 


21.91 


12.03 


10.88 


11.82 


9.21 


25.40 


11.79 


9.48 


9.25 


12.47 


AgRuTi 


22.02 


12.15 


11.01 


11.94 


9.34 


25.51 


11.92 


9.62 


9.39 


12.60 


AgRuCr 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


9.11 


8.88 


12.11 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25.62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26.05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 


21.39 


11.44 


10.29 


11.23 


8.60 


24.88 


11.17 


8.85 


8.62 


11.86 


AgRuNb 


22.38 


12.56 


11.42 


12.35 


9.75 


25.87 


12.34 


10.05 


9.82 


13.02 
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[0085] Table 1 1 showed that optical absorptivity of the reflecting layer was reduced 
much more after annealing in the reflecting layer with the coating layer of the present invention 
than the reflecting layer without the coating layer. The 1^03-15 wt% M^Os coating layer of the 
present invention in Table 1 1 had lower absorptivity than the SiC>2 coating layer in Table 10 and 
the ITO coating layer in Table 12. 

[0086] Table 13 showed that the optical characteristics of a three-layer laminate that 
includes a base film, areflecting layer, and a coating layer after annealing at about 250°C were 
similar to those in Tables 9 to 12. The adhesion of the laminate was also as good as the adhesion 
of the laminate in Table 6. The three-layer laminate was superior in both optical characteristics 
and adhesion. 

[0087] The optical characteristics of the three-layer laminate was not impaired by 
through the use of the coating layer. On the contrary, when the coating layer including L12O3 as a 
main component and 1-30 wt% NbiOs was used, the reflection index was increased by l%-6% 
and the absorptivity was lowered after annealing at about 250°C In203. Table 14 showed that an 
improved reflection index and good optical characteristics can be obtained even when the thinner 
coating layers are used. 
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Table 13 

absorptivity 





In 2 0 3 -5 wt% Nb 2 0 5 




(1) no heating 


(2) 150° C 


(3) 300° C 


566 


10.88 


10.24 


15.3 


564 


10.67 


10.04 


15.06 


550 


9.38 


8.829 


13.6 


500 


7.104 


7.071 


8.297 


450 


13.42 


14.38 


7.922 


400 


26.96 


27.49 


19.93 




In 2 O 3 -10 wt%Nb 2 0 5 




(1) no heating 


(2) 150° C 


(3) 300° C 


566 


11.13 


12.39 


13.11 


564 


10.91 


12.16 


12.88 


550 


9.639 


10.71 


11.42 


500 


7.113 


7.166 


7.236 


450 


12.72 


11.8 


9.97 


400 


27.29 


26.6 


24.28 




In 2 0 3 -15 wt%Nb 2 0 5 




(1) no heating 


(2) 150° C 


(3) 300° C 


566 


15.97 


18.42 


20.29 


564 


15.74 


18.17 


20.04 


550 


14.32 


16.69 


18.63 


500 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 
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Table 14 

Change in the reflection index of the reflecting layer with the change 



in thickness of the In 2 0 3 +Nb205 coating layer 



Tl^ickness 


5 nm 


49 nm 


70 nm 


74 nm 




before 


after 


before 


after 


before 


after 


after 


\ r l ^\ 

A [nmj \^ 


heating 


heating 


heating 


heating 


heating 


heating 


Vi oq ti t"1 rr 
HCdllUg 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


93.56 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


thickness 


85 nm 


90 nm 


100 nm 






before 


after 


before 


after 


before 


after 




\[nm] \. 


heating 


heating 


heating 


heating 


heating 


heating 




556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 




554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 




552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 




550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 




500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 




450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 




400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 





[0088] The present examples and embodiments are to be considered as illustrative 
and not restrictive and the invention is not to be limited to the details given herein, but may be 
modified within the scope and equivalence of the appended claims. 
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ABSTRACT OF THE DISCLOSURE 
A heat-resistant reflecting layer includes Ag as a main component, a 0.1-3.0 wt% first 
e l e m e nt first metal selected from the group consisting of Au, Pd, and Ru, a 0.1-3.0 wt% s e cond 
e l e m e nt second metal selected from the group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, 
Pd, and Ru. The s e cond e l e m e nt second metal is different from the first e l e m e nt first metal . The 
reflecting layer maintains the high optical reflection index of Ag. The r e fl e civ e reflective layer 
has improved material stability and is stable when exposed to alkaline organic materials. The 
reflecting layer can be used as a reflector and a reflective wiring electrode for a liquid crystal 
display device, and as building glass for reflecting heat rays or infrared rays. 
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